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Summary of Research  
Traumatic insanity has been acknowledged since Meyer (1904), yet the relationship between 
traumatic brain injury (TBI) and psychosis remains poorly understood and under-researched. Patients 
who are dually-diagnosed with psychosis following traumatic brain injury (PFTBI) suffer 
significantly as a result of both their injury and illness, however systematic and standardised 
neuropsychological research of PFTBI has not been undertaken. Instead, a relatively small amount of 
work relying on retrospective chart reviews, case studies, and loosely defined self-reported TBI has 
been conducted. Such data is often inconsistent, and reports of intact neurocognition in PFTBI have 
been made despite substantial evidence of deficits in the literature on TBI and psychosis. 
Patients with PFTBI (N=10), injury-matched patients with TBI without psychosis (TBIWP) 
(N=10), patients with schizophrenia (N=23), and a healthy cohort (N=23), were administered a 
comprehensive battery of standardised cognitive neuropsychological tests. The data were examined 
for group-wise differences, relationships with mediating variables identified in the existing TBI and 
psychosis literature, and the correct classification of the cohorts according to two prominent features 
of the battery (i.e., RBANS Total [overall neurocognition] and Stroop Colour Trial [processing 
speed]). 
Patients with PFTBI were characterised by a neuropsychological profile that appeared to be 
cumulative in the degree of impairment relative to their single-diagnosis counterparts, while 
comparable to schizophrenia with respect to their pattern of deficits. This was further supported by 
discriminant function analysis (DFA), where the greatest misclassification of the PFTBI cohort was as 
a schizophrenia patient, and vice versa. In addition, language-specific deficits were uniquely shared 
by the brain injured cohorts, partially driven by the laterality of language processing. Statistical 
matching of patient demographics further established that reduced neurocognition in PFTBI is not 
attributable to mediating characteristics of the injury or illness, however these factors were associated 
with performance for all patient cohorts. 
As the first empirical investigation of the cognitive neuropsychological profile of PFTBI, this 
research provides a novel and valuable contribution to the existing PFTBI literature, particularly with 
regard to diagnosis and treatment. The assessment of verbal learning and verbal memory may be an 
essential diagnostic tool, while the extent of overall impairment indicates that treatment programs 
should focus on adjunctive therapy, beginning with cognitive remediation as a supplement to the usual 
antipsychotic treatment.  
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Chapter 1: Psychosis and Traumatic Brain Injury: An Introduction 
1.1 An Introduction to Psychosis in Australia 
The term psychosis refers to an abnormal condition of the mind (i.e., from the Greek; 
‘psyche’ meaning mind/soul, and ‘osis’ meaning abnormal state or condition). Psychotic 
disorders, including schizophrenia, are characterised by distorted cognition and perception, 
blunted or inappropriate affect, unusual behaviour, and a decline in socio-occupational 
function (Fusar-Poli, McGuire & Borgwardt, 2011; Morgan et al., 2011; Pantelis et al., 2003; 
WHO, 2010).  Hallucinations and delusions are most common, both of which are experienced 
by approximately four out of five Australians with a psychotic illness (Morgan et al., 2011; 
SANE Australia, 2011). 
An Australian Government report based on the second Australian national survey 
estimated that approximately 63,533 people sought mental health services during 2010 for a 
psychotic disorder, the most common of which was schizophrenia (47% of all cases) (Morgan 
et al., 2011). This equates to 3.1 Australians for every 1,000 diagnosed with a psychotic 
disorder according to ICD-10 criteria.  The same report found that more males than females 
(~61.2%), and more middle aged individuals (i.e., 35-64 years of age, 60.4%) were 
diagnosed. True to existing epidemiological studies, however, the mean onset of age was 
between 23-24 years, with the majority experiencing their first psychotic episode before the 
age of 25 (64.8%) (Morgan et al., 2011; SANE Australia, 2011). 
A number of other comorbid psychiatric and health issues were highlighted by the 
report, including comorbid depression and/or anxiety in more than fifty per cent of 
individuals. Poor life skills, such as inadequate self-care, was reported by approximately one 
third (32.3%), as well as a predominance of distress related to socio-economic and 
socialisation problems (i.e., loneliness), even over and above the profound physical and 
mental health aspects of their illness (Morgan et al., 2011). Impaired cognition influences 
many aspects of patients’ lives, with several studies showing a relationship between poor 
cognition and quality of life (McGurk & Meltzer, 2000; McGurk, Twamley, Sitzer, McHugo, 
& Mueser, 2007). The cognitive profile of psychosis, and schizophrenia in particular, is 
discussed in detail in Chapter Three.  
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1.2 An Introduction to Traumatic Brain Injury (TBI) in Australia  
The Australian Department of Human Services and Health broadly defines acquired 
brain injury (ABI) as an: “injury to the brain which results in deterioration in cognitive, 
physical, emotional or independent functioning, … can occur as a result of trauma, hypoxia, 
infection, tumour, substance abuse, degenerative neurological diseases or stroke, … may be 
either temporary or permanent, and cause partial or total disability or psychosocial 
maladjustment” (Department of Human Services and Health, 1994, as cited in Fortune & 
Wen, 1999, p. xii). Traumatic brain injury (TBI) is an ABI that is characterised by external 
assault of blunt or penetrating impact, and/or from acceleration/deceleration forces (Fortune 
& Wen, 1999; Helps, Henry, & Harrison, 2008; Ponsford, Sloan, & Snow; 1995). Contusions 
can be both coup (i.e., tissue damage directly below the site of external impact with the skull) 
and contrecoup (i.e., damage loci diametrically opposite to the impact site, where the brain 
has moved rapidly within the skull in response to the force of impact and caused damage to 
tissue absorbing the force; effectively, the linear translation of the impact, see Figure 1.1) 
(Asha’Ari, Ahmad, Rahman, Kamarudsin, & Ishlah, 2011; Besenski, 2002; Hardman & 
Manoukian, 2002). Contrecoup contusions can occur without direct impact, and are common, 
for example, following the rapid acceleration/deceleration of the brain within the skull during 
high speed motor vehicle accidents (Besenski, 2002; Hardman & Manoukian, 2002; 
Weninger & Hertz, 2007).  
TBI is typically defined as mild, moderate, or severe according to a range of criteria 
(Fortune & Wen, 1999; Helps et al., 2008; Ponsford et al., 1995). The standard criteria and 
their parameters for the determination of injury severity are contained in Appendix A; Table 
A.1. Consideration is normally given to the duration of both loss of consciousness (LOC) and 
post-traumatic amnesia (PTA) in the determination of injury severity. 
In Australia during 2004-2005
1
 an estimated 22,710 cases were hospitalised with 
traumatic brain injury (Australian Institute of Health and Welfare [AIHW], 2010; Helps et al., 
2008). Approximately 4.3 per cent (n =976) of these cases were fatal (Helps et al., 2008), and 
direct hospitalisation costs were reported at $184 million (Helps et al., 2008).  TBI-based 
hospitalisation rates are higher in males relative to females (2-2.5:1) and in youth/young 
adults (i.e., 15-24 year olds), as well as people aged 75 years and over (AIHW, 2010; Helps 
et al., 2008). According to the AIHW, the most common causes include falls, transportation-
                                                          
1
 These are the latest figures tallied by the AIHW specific to traumatic brain injury in Australia.  
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related accidents, and assaults. This reflects records from previous years in Australia and 
internationally, perhaps with the exception of the United States where gunshot wounds 
represent a substantial aetiology (AIHW, 2010; Hardman & Manoukian, 2002; Helps et al., 
2008; Fujii & Ahmed, 2002; Weninger & Hertz, 2007). 
 
 
Figure 1.1. a) Severe contrecoup traumatic cortical laceration and haemorrhage of the right frontal 
pole following a blow in the left occipital region. Note. Injury exacerbated by right craniotomy and 
removal of “pulped” (sic) brain tissue prior to patient death. b) Horizontal section through the cerebral 
hemispheres illustrating the injury depth and severe oedema of the right cerebral hemisphere. Arrow 
indicates the left occipital site of impact, notice the larger size relative to the right, indicative of 
swelling. Taken from Goggio (1940). 
 
Even where the injury is not life threatening, substantial and lifelong consequences of 
brain tissue damage may result.  Research from various disciplines has indicated physical, 
cognitive, psychological, behavioural, and social impairments, the scopes of which are too 
great to list here.
2
 One famous case is that of Phineas Gage, who demonstrated in 1848 that 
pronounced personality change can follow damage to the frontal lobes of the brain (see 
Figure 1.2).    
                                                          
2
 The cognitive neuropsychological profile of traumatic brain injury is a major focus of this thesis and is, thus, 
covered in extensive detail in Chapter Four.  
a) b) 
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Figure 1.2. a) Cabinet-card portrait of Phineas P. Gage (1823-1860), holding the tamping iron that 
injured him (left frontal lobe). b) Gage’s actual skull, photographed for his treating physician, Harlow, 
in Woburn, 1868.  Taken from Jackson (1870). 
Personality change described by his treating physician, John Martyn Harlow (1868, as cited in 
MacMillan, 2000); 
The equilibrium or balance, so to speak, between his intellectual faculties and animal 
propensities, seems to have been destroyed. He is fitful, irreverent, indulging at times in the 
grossest profanity (which was not previously his custom), manifesting but little deference for 
his fellows, impatient of restraint or advice when it conflicts with his desires, at times 
pertinaciously obstinate, yet capricious and vacillating, devising many plans of future 
operations, which are no sooner arranged than they are abandoned in turn for others 
appearing more feasible. A child in his intellectual capacity and manifestations, he has the 
animal passions of a strong man. Previous to his injury, although untrained in the schools, he 
possessed a well-balanced mind, and was looked upon by those who knew him as a shrewd, 
smart businessman, very energetic and persistent in executing all his plans of operation. In 
this regard his mind was radically changed, so decidedly that his friends and acquaintances 
said he was “no longer Gage”. (p.13) 
 
1.3 Neuroanatomical Potential for Organic Psychosis  
The major theme of this thesis is psychosis following TBI (PFTBI). Given that the 
emergence of psychotic symptoms following a traumatic injury to the brain are taken to 
reflect neuroanatomical changes precipitated by the injury, a short review of the known 
neuroanatomical changes associated with both psychosis and  TBI follows. 
b) a) 
 8 
1.3.1 The neuroanatomy of psychosis. 
  Evidence of biochemical abnormalities have long been established in schizophrenia, 
with a particular focus on dopamine (DA) neurotransmission, and consensus regarding the 
general overactivity of DA systems; referred to as the DA hypothesis (Carlsson & Lindovist, 
1963; Emanuele, Martinelli, Abbiati, Fusar-Poli, & Politi, 2012; Epstein, Stern, & 
Silbersweig, 1999; Rao, Kellom, Reese, Rapoport, & Kim, 2012; Sotovama et al., 2011). The 
advancement of magnetic resonance imaging (MRI) has also introduced substantial evidence 
for abnormal brain structure in major psychotic disorders (Fusar-Poli et al., 2011; Lawrie & 
Abukmeil, 1998; Pantelis et al., 2003; Velakoulis et al., 1999). Structural and functional 
cerebral abnormalities in psychotic patients have typically been demonstrated in frontal and 
temporal brain regions (Bachus & Kleinman, 1996; Borgwardt et al., 2007; Ellison-Wright, 
Glahn, Laird, Thelen, & Bullmore, 2008; Friston, Liddle, Frith, Hirsch, & Frackowiak, 1992; 
Honea, Crow, Palssingham, & MacKay, 2005; Horn et al., 2010; Lawrie & Abukmeil, 1998). 
Cortical white (frontal) and grey matter loss, with reduced medial and middle frontal, medial 
and superior temporal gyri, and dorsolateral prefrontal cortex, are considered characteristic of 
schizophrenia (Borgwardt et al., 2007; Ho et al., 2003; Honea et al., 2005; Mathalon, 
Sullivan, Lim, & Pferrerbaum, 2001; Pantelis et al., 2003; Pridmore & Bowe, 2010).  
Studies have shown further that such reductions in grey matter may be associated with 
‘at risk’ healthy individuals, as well as the onset and course of psychotic symptoms (Elkis, 
Friedman, Wise, & Meltzer, 1995; Lawrie et al., 1999; Mathalon, Sullivan, Lim, & 
Pferrerbaum, 2001; Pantelis et al., 2003; Roy, Zipursky, Saint-Cyr, Bury, & Langevin, 1998; 
Videbech, 1997; Velakoulis et al., 1999).  Pantelis et al. (2003) investigated individuals at 
ultra high-risk of psychosis according to a combination of trait and state factors (see Yung et 
al., 1998 for ultra-high-risk classification). Those who transitioned showed reduced grey 
matter in the right prefrontal cortex, insular, and temporal cortex, basal ganglia, and the 
cingulate cortex, relative to those who did not (see Figure 1.3). 
In the same study, Pantelis et al. (2003) rescanned the patients approximately twelve 
months after they had transitioned and reported further grey matter abnormalities particular to 
the left fusiform, parahippocampal, orbitofrontal, and cerebellar cortices. Accordingly, 
ongoing grey matter changes following symptom onset are apparent, and these changes 
appear to be isolated from the potential effects of antipsychotic medications, which may 
themselves alter grey matter volume; significant cortical reductions have been demonstrated 
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in medication-naïve patients (e.g., Pridmore & Bowe, 2010; Steen, Mull, McClure, Hamer, & 
Lieberman, 2006).  
Others have shown that grey matter abnormalities may be linked to symptom profile. 
Empirical evidence has identified greater rates of cortical grey matter loss in patients with 
greater symptomatology and longer durations of hospitalisation (e.g., Mathalon, Sullivan, 
Lim, & Pferrerbaum, 2001), and according to isolated symptoms of thought disorder (e.g., 
Horn et al., 2010). Schaufelberger et al. (2011) reported more recently that initial grey matter 
differences between first episode patients and controls at baseline may actually be reversible 
in patients with a remitting course. Such findings substantiate a direct structural-functional 
relationship, whereby regenerative plasticity changes are linked with the remittance of 
symptoms, and vice-versa.  
 
 
Figure 1.3. Grey-matter probability maps for baseline comparison of at risk individuals who 
developed psychosis versus those who did not. Red regions denote areas of reduced grey-matter 
volume in people who developed psychosis. Images are presented in standard radiological fashion, 
where right is left and vice versa. Z coordinate shows position of each slice with respect to the 
Talairach atlas. Clusterwise probability of type I error, p<0·004, meaning less than one false-positive 
test is expected over the whole map. Taken from Pantelis et al. (2003).  
 10 
While this is not an exhaustive discussion of the neuroanatomy of psychosis
3
, the 
intention here is to highlight important findings. Very generally, psychosis, and proneness to 
psychosis, has been consistently associated with cortical changes involving white and grey 
matter in the frontal and temporal lobes.  
1.3.2 The neuroanatomical vulnerabilities of the brain to TBI.  
Delicate brain tissue (e.g., neurons, axons, and dendrites) may be irrevocably 
damaged following even mild cerebral trauma. Tearing, stretching, bruising, bleeding, and 
swelling are likely to occur, especially in contrecoup injury where brain and bone collide 
(Bigler, 2007; Goggio, 1940). Because of the internal structure of the skull, the frontal lobe 
(posterior base) and temporal lobe (anterior pole) have an increased vulnerability to injury in 
instances of trauma.  The brain sits within the anterior and cranial fossa of the skull, and in 
this position, the sphenoid bone (i.e., butterfly shaped bone forming part of the base of the 
skull, behind the nasal cavity and in front of the temporal bone) and tentorium cerebelli (i.e., 
extension of the dura matter, separating the cerebellum from the occipital lobes) are aligned 
with the frontal and temporal lobes respectively. These hard surfaces are thus perfectly 
positioned to absorb impacts and/or swift movements of the head that have propelled the 
brain forward or backward within the skull, invariably leaving the brain tissue that has come 
in contact with them damaged.  
A range of intracranial lesions can occur, including extradural (between dura matter 
and skull), and subdural injury (between dura matter and the arachnoidal layer covering of 
the brain), as well as cortical contusion (bruising), and laceration (a contusion accompanied 
by tears in the pia-arachnoid). Depending on the severity of the injury, intracranial 
haemorrhage (ruptured blood vessel/s) is also likely, and significantly life threatening, and 
can be intra- and extra-axial (within the brain tissue, and within the skull but outside of the 
brain tissue, respectively) (Besenski, 2002; Goggio, 1940). Neuronal damage causes axons to 
swell, detach from the cell body, and release toxic levels of neurotransmitter into the synapse, 
causing the further cell death of neighbouring neurons
4
. This process is exacerbated in diffuse 
                                                          
3
 For instance, other common brain changes in schizophrenia, not discussed here, include ventricular 
enlargement and reduced cortical folding (Cahn et al., 2002; DeLisi et al., 1997; DeLisi, Sakuma, Maurizio, Relja, 
& Hoff, 2004; Lieberman et al., 2001; Mane et al., 2009; Vita, De Peri, Silenzi, & Dieci, 2006). 
4
 The resilience of brain tissue has also been demonstrated, where neurons sprout new fibres and attempt to 
reconnect with undamaged neighbouring cells (Gravel, Weng, & Kriz, 2011). However, this is a delicate process 
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axonal injury (DAI), where damage occurs to widespread white matter tracts, rather than one 
or more isolated sites.  Widespread neuronal cell death translates to the loss of connections 
between networks, disrupting the transfer of information within brain circuitry, and 
accounting for deficits in functionality in any given domain.   
Again, rather than providing an exhaustive discussion, the intention of this overview 
is to highlight cortical areas with the greatest vulnerabilities to injury. The locus of injury 
following TBI depends on many factors, not least of which are the location and propelling or 
rotational force of the blow/acceleration/deceleration, as well as secondary injury as a result 
of haemorrhage, cell death, and/or swelling. Nonetheless, frontal and temporal lobe injuries 
appear to be chief among the findings, generally accounted for by the position of the brain 
within the skull. 
1.3.3 Fronto-temporal association and example case study.  
To say that traumatic brain injury and psychosis are causally linked simply because 
they both predominantly implicate fronto-temporal regions ignores the complexity of human 
brain structure and function. It also ignores empirical and clinical evidence. Psychosis 
following TBI is not as commonplace as psychiatric and neuropsychological sequelae (for 
instance, depression, anxiety, memory loss, and general cognitive deficits) (Lezak, 1979; 
Ponsford et al., 2011; Tate, Fenelon, Manning, & Hunter, 1991). It has already been shown 
that the degree of injury to a particular structure(s) of the brain with demonstrated specialised 
functionality does not necessarily predict neuropsychological outcome in that functionality, 
for instance, damage to hippocampal structures and memory impairment (e.g., Bigler, 2007). 
Nonetheless, in light of the preceding review, fronto-temporal commonalities appear to offer 
the best explanation for organically generated psychoses. However, this is not to say that 
other factors, such as heritability, environmental, and psychological/emotional stressors, are 
not involved in determining the vulnerability of any given individual for the development of 
psychotic symptoms (Bourque, van der Ven, Fusar-Poli, & Malla, 2012; Must, Janka, & 
Horvath, 2011). 
The following is an excerpt taken from Bamrah and Johnson (1991). It is a case report 
detailing the injury, and subsequent pathology, of a young adult male over his lifetime. The 
                                                                                                                                                                                    
and can be disrupted by multiple factors, including neuroexcitation which is prominent post injury given the 
elevated levels of neurotransmitter in the synapse. 
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case report illustrates, among other sequelae, the onset of psychosis following traumatic brain 
injury. Note that he had no prior personal or family history of psychosis, his first symptoms 
of psychosis were experienced thirteen years post injury, and generalised bilateral frontal 
lobe atrophy was later demonstrated on a computerised tomography (CT) scan.  
The patient was involved in a car accident at the age of 27 years and sustained 
multiple fractures, including closed head injury involving fractures of the right skull 
bones. He was unconscious for over 12 hours, and had retrograde and anterograde 
amnesias upon recovery. Before the accident, he had worked as a busy salesman and 
was described by his wife as being a “very able” man. He had no previous history of 
psychiatric illness, alcoholism or any illness suggestive of cerebral disorder, and no 
psychiatric illness or epilepsy are reported in the family. Following the accident, he 
developed an amnestic syndrome, headaches, anxiety, tearfulness, and was unable to 
work. In fact, he never regained employment, and although according to his wife he 
remained fairly well between relapses while on medication, he lived a restricted life, in 
the extremely caring atmosphere of his family. His symptoms gradually worsened, and 
two years after the head injury he had his first attack of severe depression, with 
insomnia, hypochondriasis, and suicidal ideation, which responded to a course of 
electroconvulsive therapy (ECT).  
At age 31, he developed focal epilepsy, associated with Jacksonian fits 
spreading from the left hand to the left arm, and occasional generalised tonic-clonic 
seizures with incontinence and unconsciousness lasting 10 minutes. The fits were 
controlled with phenobarbitone and phenytoin, which were discontinued 20 years later 
with no recurrence. 
Between the ages of 32 and 35, he had three further episodes of depressive 
illness associated with three suicidal attempts; on each occasion he improved with 
ECT and antidepressants. At 40, he developed auditory hallucinations which subsided 
spontaneously; a year later he took a further overdose of drugs in response to 
commanding auditory hallucinations. He was convinced the voices were transmitted to 
him via a broadcasting device, and that thoughts were being removed from and 
inserted into his mind. He had thought disorder, persecutory delusions, and believed 
that his body had been programmed by a computer. In addition, his affect was 
depressed. His IQ (Wechsler Adult Intelligence Scale) was 99, and on the Wechsler 
Memory Scale and Williams Memory Tests, results were in line with the IQ estimate, 
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delayed recall was well preserved, and there was impairment of the verbal learning of 
new material. Bender Gestalt drawings were accurately reproduced. On the Eysenck 
Personality Inventory, his neuroticism score was high, his extraversion score low, 
compatible with a ‘dysthymic personality type’. Physical examination, routine blood 
tests, lumbar puncture and electroencephalography (EEG) were all normal. A course 
of chlorpromazine relieved his psychotic symptoms.  
At the age of 48, he presented with similar symptoms associated with a 
depressive state which responded to trifluoperazine and amitriptyline. At 57 years, he 
again developed delusions of being controlled by a computer and of thoughts being 
removed from his mind by beams emitted by the computer, persecutory delusions, and 
third-person auditory hallucinations. Although routine investigations and EEG were 
again normal, a computerised tomography (CT) brain scan showed a generalised 
atrophy, predominantly in the frontal region. 
Depot flupenthixol decanoate failed to control his symptoms but he responded 
to trifluoperazine which he continued until he was 58, when he presented with a manic 
psychosis. On admission, he was elated, sexually disinhibited, insomniac, and had 
loud, pressured speech. He believed he was exceptionally gifted, and described 
grandiose plans on space travel. He showed a copy of a poem he had sent to President 
Reagan about the space race, and thought his exploits would make his whole family 
rich. No schizophrenic first-rank symptoms were elicited. Flupenthixol decanoate 
(40mg every three weeks) and chlorpromazine (100mg per day) resolved his 
psychosis, allowing his discharge three weeks later. He was readmitted two weeks 
later in a hypomanic state. He was overfamiliar, elated, grandiose, had pressure of 
speech and, quite uncharacteristically, he had been drinking heavily. Lithium 
carbonate and thioridazine induced complete remission, with no recurrence of 
symptoms two years later. (pp.117-118) 
 
1.4 Scope and Chapter Outline  
This thesis is focused on the cognitive neuropsychological profile of psychosis 
following traumatic brain injury (PFTBI). The preceding sections of this chapter have 
established the neuroanatomical potential for the development of psychotic symptoms post 
cortical injury, and provided case study evidence of PFTBI. Chapter Two reviews the PFTBI 
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literature to date. Given that PFTBI is the chief focus of this thesis, and it has been relatively 
under-researched, a detailed review is provided of this literature. Chapters Three and Four 
provide an extensive review of the cognitive neuropsychological profile established in 
schizophrenia and TBI without psychosis (TBIWP) respectively. Chapter Five summarises 
these reviews according to the cognitive neuropsychological profiles of all three cohorts, 
identifies limitations in the existing literature, and the subsequent aims of this work. The 
study design of this research and a thorough description of the participant groups are 
contained in Chapter Six. Chapter Seven is an empirical chapter covering the hypotheses, 
methods, results, and discussion pertaining to each cognitive neuropsychological domain 
addressed in this thesis. Potential mediators of the reported cognitive neuropsychological 
performance are addressed in Chapter Eight, and Chapter Nine uses discriminant function 
analysis (DFA) to investigate whether cognitive neuropsychological performance can 
correctly classify participant group membership. Finally, Chapter Ten provides a general 
discussion and the overall conclusions arising from this work. 
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Chapter 2: Psychosis Following Traumatic Brain Injury (PFTBI) 
2.1 Introduction 
The relationship between traumatic brain injury (TBI) and psychosis has been 
reviewed a number of times in the past (David & Prince, 2005; Davison & Bagley, 1969; 
Kim, 2008). One of the earlier suggestions of this relationship was published during the 
seventeenth century when influential British physician Thomas Willis noted that “sometimes 
a great wound or concussion of the head, especially which happens by falling headlong from 
an (sic) high place, brings a prejudice and weakness to the animal faculty, dulling the 
understanding” (Willis, 1685, p.490). Two centuries later, empirical evidence arose from the 
analysis of substantial cohorts of brain injured patients following the Franco-Prussian War of 
1870 (Davison & Bagley, 1969; Meyer, 1904).  By the twentieth century, upon review of the 
work of his colleagues (prevalent German physicians at the time), and inspection of his own 
twenty-three cases, Meyer (1904) was convinced of the existence of what he referred to as 
“traumatic insanity”.   
Today the relationship between TBI and psychosis remains poorly understood and 
relatively under-researched. Of the small number of cohort studies that exist (N < 20), 
conclusions are frequently tentative, or altogether lacking, due to considerable 
methodological limitations.  For example, common empirical shortcomings are generated by 
constraints in recruitment, inconsistencies in diagnostic criteria, and reliance on patient recall 
(see Section 2.7 for full discussion). By contrast, substantial case study reports have been 
published, both of single (e.g., Bamrah & Johnson, 1991) and groups of cases (e.g., Rossell, 
Batty, & Hughes, 2010). However, the pooled analysis of single case studies compromises 
the comparability of assessment protocols, and small group case studies compromise 
statistical power, making it difficult to draw definitive conclusions with confidence. 
Generally researchers have instead opted to investigate the more prevalent, and in some ways 
more treatable, psychiatric sequelae post injury (e.g., depression and anxiety, Demakis, 
Hammond, & Knotts, 2010; Silver, Kramer, Greenwald, & Weissman, 2001; Whelan-
Goodinson, Ponsford, Johnston, & Grant, 2009). Even so, the existing data strongly suggest 
that one of the consequences of traumatic insult to the brain can indeed be psychotic 
experiences and behaviour.  
The common working reference in the field to psychosis thus induced is Psychosis 
Following Traumatic Brain Injury (PFTBI) (used throughout this thesis), or Psychotic 
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Disorder Due to Traumatic Brain Injury (PDTBI) (American Psychological Association; 
APA, 1994, p. 334). Persons who suffer with symptoms of psychosis following their injury 
live with a complex dual diagnosis that is often accompanied by substantial distress and 
disability. Along with the typically profound physical and cognitive effects of their injury, 
they represent a clinically complicated sample, often experiencing additional psychiatric 
comorbidities (e.g., depression and anxiety) (Fleminger, 2008; Koponen et al., 2002), drug 
and alcohol abuse/dependence (West, 2011; Westermeyer, 2006), and social isolation (Oddy, 
Coughlan, Tyermanz, & Jenkins, 1985; Xiang, Shum, Chiu, Tang, & Ungvari, 2010a).  
This chapter provides a summarised review of PFTBI. Given the paucity of 
standardised research investigating this cohort, along with the considerable limitations of the 
published work to date, a generalised overview of PFTBI is provided from a number of 
perspectives germane to its phenomenology, including; prominent theories tackling the 
aetiology and nature of PFTBI, estimated prevalence, clinical assessments, cognitive 
neuropsychological data, neuroimaging and localisation data, and a discussion devoted to the 
substantial shortcomings of the work informing this information. The literature selected for 
review was principally confined to publications that have compiled and reported on a 
selection of case histories, rather than detailing the substantial number of available case 
histories individually here. Two large literature reviews were included, the first from Davison 
and Bagley (1969) because their work represented a novel and influential study at the time of 
publication, and the second from Corcoran and Malaspina (2007) because their review 
describes data from the four decades following. Work from Silver et al. (2001) was included 
as a stand-alone large epidemiological study. While epidemiological methodologies have 
their limitations, for instance, a reduced scope for the specificity of diagnostic criteria, they 
provide advantages in sample size (N = 5034). By contrast, the work from Buckley et al. 
(1993) was included because, due to their small sample (N =5), the authors were able to 
provide valuable neuroimaging data and clinical assessments obtained from standardised 
measures. They also restricted recruitment to a select group of cases where the development 
of psychotic symptoms clearly followed cerebral trauma.  Finally, the case history published 
by Bamrah and Johnson (1991) was included, both to illustrate the experience of PFTBI from 
an individual case perspective (Chapter One presents this case in full), and because of the 
quality of information recorded for this patient, including clinical, cognitive, and 
neuroimaging data.  
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Other publications (i.e., Burg, McGuire, Burright, & Donovick, 1996; Fleminger, 
2008; Koponen et al., 2002; 2006; Mainio et al., 2007), were not used where PFTBI trends 
were summarised because their psychotic sample were inadequately defined (i.e., psychiatric 
and psychotic cases formed one cohort). However, their work was referred to in discussion. 
Another large review of the literature from David and Prince (2005) was omitted from the 
summary of trends because the authors incorporated a number of studies reviewed here, 
including Davison and Bagley (1969), Achte, Hillbom, and Aalberg (1969), and Wilcox and 
Nasrallah (1986). The remaining studies were chosen for review on the basis that they made a 
contribution to one or more of the domains of interest, and were not already covered by 
existing reviews summarised here. Appendix B contains the full list of the publications used 
in this review.  
2.2 Prominent Aetiological Theories 
Theoretical attempts to define the aetiology of PFTBI have been made since the 
earliest suggestions of a relationship between head trauma and psychotic symptoms. 
Prominent figures as early as Kraepelin
5
, suggested that childhood head trauma might play a 
causal and/or supplementary role in the later development of schizophrenia (Kraepelin, 
1913). While our understanding remains in its infancy, this idea is still favoured in the 
literature, with only a few exceptions.  
Figure 2.1 illustrates five prominent theories that have been proposed to date in the 
explanation and conceptualisation of the relationship between traumatic brain injury and 
psychosis. First, it has been suggested that traumatic brain injury can lead to a phenocopy of 
schizophrenia (i.e., as the ‘stress’ component in stress-diathesis theory). That is, the brain 
injury activates an existent hereditary susceptibility for schizophrenia in an individual 
(Corcoran & Malaspina, 2007; Kim, 2008). The second theory denotes that traumatic brain 
injury can lead to psychotic symptoms that resemble the spectrum of psychoses (stress-
diathesis relationship). In this model the injury initiates a genetic predisposition in the same 
way as the first, but this account allows for the conceptualisation of psychosis as existing on a 
continuum, where healthy personality traits that are indicative of psychosis-proneness exist at 
one end and diagnosable schizophrenia exists at the other (see Verdoux & van Os [2002] for  
                                                          
5
 Kraepelin was responsible for early conceptualisations of psychiatric disease as a consequence of biological 
and genetic sources. 
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Figure 2.1.Schematic depicting five prominent conceptualisations of the traumatic brain injury and psychosis/schizophrenia relationship. 
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review of the psychosis continuum). The genetic predisposition thus causes the individual to 
be liable to any condition along the continuum (Corcoran & Malaspina, 2007; Kim, 2008). 
Third, it has been suggested that traumatic brain injury causes the development of a 
unique set of psychotic symptoms (Kim, 2008). Here, genetic liability is less influential. 
Instead, the injury is responsible for a chain reaction of structural and/or functional changes 
in the brain that instigate psychosis (i.e., organic psychosis). The psychosis may or may not 
resemble functional schizophrenia, but should be conceived of as unique given its origin. 
Current DSM-IV (APA, 1994) criteria allow for diagnosis of cases fitting this type under 
“psychotic disorder due to a general medical condition”. 
Fourth, a case for “reverse causality” has been proposed, where the existence of 
psychosis increases the likelihood of trauma. This is simply an acknowledgement of the 
increased prevalence of injury in the psychotic population (not confined to head trauma), and 
does not explain neurological insult prior to the development of psychotic symptoms (David 
& Prince, 2005; Nielsen et al., 2002).  This has not stopped researchers, however, from 
proposing this theory as an explanation for the observed PFTBI relationship (e.g., David & 
Prince, 2005), or looking to rates of injury in schizophrenia cohorts for PFTBI prevalence 
estimates (e.g., Nielsen et al., 2002, discussed in Section 2.3). Last, a spurious relationship 
has been suggested whereby TBI and psychosis share no actual relationship, rather psychosis-
proneness (or genetic vulnerability) increases the likelihood of both psychosis and trauma 
(Corcoran & Malaspina, 2007). Here genetic proneness is the causal mediating factor that 
accounts for an erroneously observed relationship between brain injury and psychosis. 
The first three theoretical models are fundamentally identical, differing only in their 
definition of the subsequent psychosis, and thus, the importance of genetic liability (i.e., 
DSM-IV diagnosed schizophrenia has an established genetic component which is not 
necessarily true for the manifestation of psychotic symptoms generally; e.g., Egan et al., 
2001; McGuffin, Asherson, Owen, & Farmer, 1994). Essentially, the first three models 
propose that the brain injury acts to demonstrate some causality in the ensuing psychotic 
symptoms. However, genetic liability (at least with respect to heritability) cannot be 
discounted, nor should it be a necessary component of PFTBI. Whether the action of the 
injury is to trigger existing liability to psychosis, or to generate and/or initiate 
structural/functional liability should not be a defining aspect of the model, given that the 
existence of PFTBI has already been demonstrated in individuals both with (e.g., 
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AbdelMalik, Husted, Chow, & Bassett, 2003) and without genetic liability (e.g., Fujii & 
Ahmed, 2001). Thus, a reasonable assumption from the existing literature would be that the 
injury can instigate the development of psychotic symptoms in both types of individuals, and 
this should be reflected in the model accordingly. 
The move to define psychotic outcome by distinguishing between a collection of 
hypothetically “unique” psychotic symptoms, or schizophrenia as it is currently classified, is 
impractical. This is because the classification of psychotic outcome can only be informed by 
thorough and standardised clinical and neuropsychological assessment of cases with PFTBI 
in the first instance; either the demonstrated profiles will resemble profiles established in 
schizophrenia, or they will be unique. The fact that more than one theoretical model exists,  
each a proponent of a different conceptualisation of the ensuing psychosis, only provides 
evidence that the necessary empirical testing is yet to be undertaken
6
.  As identified by the 
second model, the last decade of research has reconceptualised psychosis generally, where 
psychotic thoughts, experiences, and behaviour, exist on a continuum (i.e., a psychosis 
spectrum), rather than as categorical distinctions per se (Badcock & Dragovic, 2006; Myin-
Germeys, Krabbendam & van Os, 2003; Verdoux & van Os, 2002). In this sense, the 
proposed categorisation of symptoms in the first model is somewhat theoretically out-dated.  
Finally, as already discussed, claims of reverse causality offer an incomplete, and 
subsequently inadequate, picture of dually diagnosed patients. Similarly, the prospect of a 
spurious relationship relies on the genetic liability of a patient, and can therefore be 
discounted by PFTBI research that has recruited PFTBI cases without genetic liability (e.g., 
no familial or personal history of psychosis, for instance, Fujii & Ahmed, 2001). 
Accordingly, the most accurate reflection of the PFTBI literature to date appears to be the 
theoretical explanation offered by the second theory (Corcoran & Malaspina, 2007; Kim, 
2008), provided the requirement for genetic liability is removed. Simply put, it appears that 
traumatic insult to the brain can instigate psychotic symptoms, possibly both temporary and 
lifelong, and that the mechanism of action may occur via both pre-existing genetic liability 
and/or changes in structural/functional brain neuroanatomy, along with the influence of any 
other risk factors established in the literature (e.g., environment, socio-economic status etc.) 
(see Figure 2.2). 
                                                          
6
 An aim of this thesis to inform the psychotic conceptualisations of PFTBI primarily with regard to the 
neuropsychological profile, but also, as a secondary aim, with regard to the clinical profile.  
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Figure 2.2.Schematic depicting hypothesised model of the traumatic brain injury and psychosis/ 
schizophrenia relationship based on the available literature to date. 
 
2.3 Prevalence and Onset Latency 
2.3.1 Prevalence.  
Davison & Bagley’s (1969) influential review presents both the lowest (0.7%) and 
highest (9.8%) estimates of psychosis prevalence within a TBI cohort. The approximate ten 
per cent variability in their estimates probably indicates the influence of methodological 
inconsistencies across their chosen studies, and thus, the poor comparability of the studies 
generally. Nonetheless, in reviewing the available research between 1917 and 1964 the 
authors provided a valuable and novel contribution to the literature, estimating an increased 
risk for the development of schizophrenia somewhere between two to three times greater in 
the TBI population (Davison & Bagley, 1969).  Elsewhere estimates range from 3.4 per cent 
(Silver et al., 2001) to 9.2 per cent (Fujii, Ahmed, & Hishinuma, 2004). Figure 2.3 
summarises estimates from the currently available literature where authors have determined 
psychosis within a brain injured population.   
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Figure  2.3. Percentage estimated prevalence from research investigating prevalence of psychosis within a 
TBI cohort. *Note that this figure is the median estimate provided by Davison & Bagley (1969), (range = 
0.7%-9.8%). 
 
Silver et al. (2001) determined a 3.4 per cent prevalence using data from a New 
Haven sample (portion of the National Institute of Mental Health [NIMH] Epidemiologic 
Catchment Area programme). Psychosis, specifically schizophrenia, was identified by the 
NIMH Diagnostic Interview Schedule which is based on DSM-III diagnostic categories. 
Rates of head injury, however, were determined by the yes/no response to one direct 
question; “Have you ever had a severe head injury associated with loss of consciousness or 
confusion?”  It is possible that confinement to ‘severe’ head injury defined by loss of 
consciousness/confusion may be responsible for a reduced estimate in this research. While 
the likelihood of PFTBI is probably greater following a severe trauma, the risk post mild to 
moderate injury cannot be discounted (Fann et al., 2004)
7
.  In fact, Achte et al. (1969) 
reported higher rates of schizophrenia in patients who had suffered mild compared with 
severe TBI. On the other hand, discounting medical confirmation and other usual definitive 
                                                          
7
 McKeon, McGuffin, and Robinson (1984) report the case of a sixteen year old girl who developed obsessive-
compulsive neurosis the day after having been hit on the back of the head by her mother with a hair brush. At 
the time of the publication (eight years post), she had had ongoing symptoms for which she had been 
admitted to hospital. The girl had no noteworthy premorbid history. While this is not an illustration of 
psychotic disorder it serves as evidence of the vulnerability of the brain, in this case demonstrating almost 
immediate pathology following an extremely mild injury.  
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injury characteristics (e.g., localisation, duration of loss of consciousness, clear definition of 
severity etc.) may have led to inflated rates from the population in Silver et al.’s (2001) work. 
In addition, the authors failed to collect any temporal information, leaving both the direction 
of the PFTBI relationship (i.e., whether the TBI occurred before or after the emergence of 
psychotic symptoms), and the duration of the time period in between (i.e., onset latency) 
unclear. 
Fujii et al. (2004) recruited hospital inpatients over a five year period. During this 
time, twenty-four of two hundred and sixty one (9.2 per cent) met the criteria for PFTBI.  
These were patients already identified for a follow up neuropsychological assessment after 
having illustrated poor performance on measures of attention, planning, and visual Gestalt 
during their intake screen. These domains are known to be affected in both psychosis (Evans, 
Chua, McKenna, & Wilson, 1997; Joshua & Rossell, 2009; Mitchie et al., 2000) and 
following traumatic brain injury (Brosseau-Lachaine, Gagnon, Forget & Faubert, 2008; 
Schmitter-Edgecombe, 1996). As such, the selection criteria employed by Fujii et al. (2004) 
may be responsible for an inflated estimate relative to Silver et al. (2001). However, the 
diagnostic criteria applied to both psychosis and traumatic brain injury was relatively more 
stringent in the Fujii et al. (2004) study; psychosis was determined by DSM-IV criteria and 
TBI severity by the duration of loss of consciousness, an excepted and typical yardstick in the 
literature (see Appendix A) (Buckley et al., 1993; Hoofien, Gilboa, Vakil, & Donovick, 2001).  
Another reason for the discrepancies in prevalence estimates across studies may be 
differences in the conceptualisation of psychosis. Where some studies have included cases 
with one or more psychotic symptoms (e.g., Achte et al., 1969; Fann et al., 2004) others have 
confined their estimates to DSM-IV diagnosed schizophrenia (e.g., Silver et al., 2001). 
Additionally, those using broader definitions of psychosis may have included diagnoses not 
traditionally considered psychotic per se. For instance, Achte et al. (1969), who estimated a 
prevalence of 8.9% psychosis in men injured during the Finnish war, included diagnoses of 
Korsakoff’s syndrome, “grave dementia” and borderline psychotic cases (n =7) in their 
estimate. Such methodologies would increase prevalence estimates relative to those applying 
more stringent criteria.  
Estimates on PFTBI prevalence must further consider possible shortcomings in 
diagnosis generally, especially where recruitment is driven by the identification of cases 
according to pre-existing diagnosis, and without further follow-up of patients. Given the 
greater prevalence of psychiatric sequelae post TBI, the misdiagnosis of PFTBI cases may 
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potentially occur where symptoms identified as psychiatric in TBI patients may actually be 
masking underlying psychosis. For example, negative psychotic symptoms and/or thought 
disorder may be mistaken for depression, and selected positive symptoms, such as 
grandiosity, for mania.  
Where psychotic patients have instead been screened for their history of TBI the rates 
are generally much higher. This is because collecting lifetime TBI rates collapses data from 
both pre- and post-psychotic onset. Given that injury rates tend to be higher in psychotic 
populations when they are ill this method provides an inflated, and subsequently unreliable, 
estimate of PFTBI prevalence (e.g., Corcoran & Malaspina, 2007; Murrey, Starzinski, & 
LeBlanc, 2004). However, Wilcox and Nasralla (1986)
 
assessed schizophrenia inpatients for 
childhood TBI, where incidents of trauma were restricted to injury that occurred before age 
ten, and reported a prevalence of 11%. By contrast, Nielsen et al. (2002), who restricted 
traumatic brain injury to the fifteen years prior to diagnosis, reported only 2.2% prevalence.  
This estimate is notably reduced compared with others assessing the history of TBI in 
psychotic cohorts (11%-17.05%, Figure 2.4), and is particularly interesting relative to the 
estimate provided by Wilcox and Nasralla (1986). With respect to the two estimates, the data 
may be indicative of a greater vulnerability to the development of psychosis following 
childhood TBI (e.g., before the age of ten; Wilcox & Nasralla, 1986), relative to 
teenage/adulthood injury (Nielsen et al., 2002). Fujii and Ahmed (2001) found an increased 
risk for PFTBI in patients who had experienced their injury prior to adolescence. However, 
Harrison et al. (2007) found an increased risk for non-affective psychosis, specific to those 
exposed to a head injury after the age of ten.  On the other hand, the reduced estimates 
produced by Nielsen et al. (2002) may instead be explained by the authors’ stringent TBI 
criteria; cases must have been hospitalised with concussion or severe head trauma). By 
contrast, Wilcox and Nasralla (1986) incorporated any patient who had a lost consciousness 
for longer than one hour following their injury, likely to be classified as a moderate injury 
(see Appendix A).  Figure 2.4 illustrates estimates of TBI prevalence taken from psychotic 
populations in the available literature.
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Figure 2.4. Percentage estimated prevalence from research investigating prevalence of TBI within a 
psychosis cohort.  
 
2.3.2 Onset latency.  
The literature also disagrees with regard to the onset latency of psychosis post TBI. 
Investigations have suggested that the greatest rates of psychosis onset occur in less than one 
year post TBI (Davison & Bagley, 1969; Fann et al., 2004), at the approximate five year mark 
(Fujii & Ahmed, 2001; Nielsen et al., 2002; Sachdev et al., 2004), and greater than ten years 
post injury (Achte et al., 1969; Bamrah & Johnson, 1991).  Figure 2.5 summarises psychosis 
onset latency according to the reviewed publications reporting this information. From these 
data it appears that the onset of symptoms occurs at a comparable frequency for each latency 
band, with the exception of the five to ten year mark post TBI where the rates are 
approximately half. The apparent spread of onset latency may simply reflect individual 
differences in the development of psychotic symptoms where vulnerability is increased due to 
brain trauma. That is, the greatest predictor of the timing of onset may be a set of individual 
factors unrelated to the injury, such as, for example, familial support, environmental 
stressors, and resilience
8
. Further, onset latency is likely to be mediated by injury variables, 
                                                          
8 Socio-environmental factors, resilience characteristics, and social/familial support have demonstrated 
influence in the onset of psychotic symptoms in prone individuals, and improved treatment outcome (e.g., 
Albert et al., 2011; Bourque et al., 2012; Must et al., 2011; Smieskova, Fusar-Poli, Riecher-Rossler, & 
Borgwardt, 2012). 
0
10
20
30
40
50
60
70
80
90
100
Corcoran &
Malaspina, 2007
Murrey et al., 2004 Nielsen et al., 2002 Wilcox & Nasralla,
1987
17.05 16.73
2.20
11.00
P
re
rv
a
le
n
ce
 E
st
im
a
te
 (
%
)
Author(s)
 26 
such as the severity of the injury and lesion location. Fujii and Ahmed (2002) reported that 
significantly more cases with mild brain injury had a shorter time lag between their injury 
and the development of psychotic symptoms, relative to the severe cases that generally 
showed a longer latency before psychosis onset. Such a trend is somewhat counterintuitive, 
however, it should be noted that the majority of the cases they reviewed had unspecified 
injury severity, and thus, these findings were based on a small number of patients. In general, 
the data presented in Figure 2.5 should be considered cautiously given that it is drawn from 
the average of latency figures provided by studies with incompatible methodologies, 
especially with regard to defining their target (i.e., dual diagnosis) sample. 
 
 
 
Figure 2.5. Onset latency taken from the reviewed studies providing this information (see Table 2.1 for 
details). The percentage of patients within each latency band (collapsed across studies, i.e., mean value) is 
presented. The number of studies included in the equation for each latency band is indicated by “n”.   
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Table 2.1 contains details of each publication reviewed in this section for their 
prevalence and onset latency estimates. In particular, the sample size, proportion of gender, 
onset latency data source, and diagnostic criteria employed for both TBI and psychosis are 
described in the table. These variables are likely to have had a substantial influence over the 
prevalence estimates made in each study, and the source for onset latency information is a 
vital determinant of the accuracy of this data (e.g., hospital records with documented 
standardised assessments versus patient recall). Accordingly, in review-based publications 
where the data sources are generally unknown, such as the one from Davison and Bagley 
(1969), the durations reported between injury and psychosis onset (i.e., onset latency) must 
be considered with some caution. 
Given that such a large discrepancy exists between prevalence estimates using cohorts 
of TBI patients and those using cohorts of psychotic/schizophrenia patients, it is apparent that 
these two approaches are measuring different phenomena. Because the focus of this thesis is 
psychosis following traumatic brain injury (PFTBI), the lower estimates taken from TBI 
cohorts are most applicable. From the reviewed data then, it appears that the prevalence of 
PFTBI is in the order of 1.35 -9.2% of individuals who experience a traumatic brain injury. It 
further appears, as already stated, that the onset of psychotic symptoms can occur anywhere 
from within the first year following injury, to more than ten years post injury. A number of 
other variables that may influence these estimates, and thus possibly warrant further 
investigation, include lesion location, injury severity, individual differences in post injury 
support, environment, and resilience characteristics, and the potential for the misdiagnosis of 
PFTBI cases.  
2.4 Clinical Profile 
Comprehensive and systematic assessment of the clinical presentation of PFTBI is yet 
to be undertaken. An overview of the clinical picture reported to date is contained in Table 
2.2. In brief, the clinical profile in PFTBI appears indistinguishable from that of 
schizophrenia, in so far as all diagnostically salient symptoms characteristic of schizophrenia 
have also been reported in PFTBI. This includes, i) positive symptoms, which refer to 
abnormal thoughts and behaviours such as delusions, hallucinations, and disorganised 
behaviour and language; ii) negative symptoms, which refer to the absence of responses that 
are normally present in speech, emotion, and behaviour, and, iii) cognition, including  
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Table 2.1 
Estimates of PFTBI Prevalence and Onset Latency 
Author Year N Gender (%)  Estimated 
Prevalence % (n) 
 Onset Latency (%)  Diagnostic Criteria 
   TBI Ψ  TBI Ψ  Data Source* <1yr 1-5yrs 5-10yrs >10yrs  TBI Ψ 
Achte et al. 1969 3552 100 M 100 M  8.9 (317) -  Hospital 
records 
24 16 17.7 42.3  Existing 
hospital 
records 
Existing  
hospital 
records 
Corcoran & 
Malaspina 
2007 2732 - -  - 17.05 
(22) 
 - - - - -  Multiple 
(literature 
review) 
Multiple 
(literature 
review) 
Davison & 
Bagley 
1969 - - -  0.7-9.8 
(median 
1.35) 
-  Multiple 
(literature 
review) 
40 35 25 (>5yrs)  Multiple 
(literature 
review) 
Multiple 
(literature 
review) 
Fann et al. 2004 3756 51 F -  3.6 (34) -  HMO 
computerised 
records 
41.2 23.5 
(<2yrs)  
30.9 
(<3yrs) 
- -  ICD-9-CM 
codes 
ICD-9-CM 
codes 
Fujii & 
Ahmed 
2001 284 - 96 M  8.8 (25) -  Retrospective
chart review 
 4.6† - -  LOC DSM-IV  
Fujii et al. 2004 69 52.4 F 100 M  9.2 (24) -  - - - - -  LOC DSM-IV 
Murrey et al. 2004 3,133  59.6 M  - 16.73 
(524) 
 - - - - -  Medical 
charts 
Psychosis 
inpatients 
               (continued) 
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Table 2.1  
Estimates of PFTBI Prevalence and Onset Latency (continued) 
Author Year N Gender (%)  Estimated 
Prevalence % (n) 
 Onset Latency (%)  Diagnostic Criteria 
   TBI Ψ  TBI Ψ  Data 
Source 
<1yr 1-5yrs 5-10yrs >10yrs  TBI Ψ 
Nielsen et 
al. 
2002 91,168 88.9 M -  - 2.2 
(180) 
 Hospital 
records 
27.2 36.1 36.7    
(> 5yrs) 
  Hospitalised 
concussion/s  
TBI; ICD-8 codes 
SCZ 
inpatients; 
ICD-8 
codes 
Silver et 
al. 
2001 5034 61.9 M -  3.4 (73) -  - - - - -  Solitary question - 
have you ever had 
a severe injury 
associated with 
loss of 
consciousness or 
confusion? 
NIMH 
Diagnostic 
Interview 
Schedule 
Wilcox & 
Nasralla 
1987 659 - -  - 11.0 
(22) 
 - - - - -  TBI < 10yrs old 
LOC > 1 hour  
Hospital 
charts 
Note. M = Male; F = Female. 
†represents mean value of all participants in years, SD = 4.4 (range 1-23 years). 
*source pertaining to onset latency data only. 
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impairments in memory, the executive functions, and often a generalised intellectual deficit 
(APA, 1994; 2000). The symptoms of schizophrenia are described in detail in Chapter Three. 
Preliminary work from Fujii and Ahmed (2002) has, however, highlighted the 
reduction of negative symptoms as a possible diagnostic distinction between PFTBI and 
schizophrenia. Using a retrospective chart review, the data collected by Fujii and Ahmed 
(2002) showed a small number of cases with negative symptoms (i.e., eight of fifty-five; 
14.55%). Nonetheless, their hypothesis may be premature. First, because five of the seven 
publications reviewed here included data on the clinical assessment of negative symptoms in 
PFTBI, and in each case negative symptoms were evident (see Table 2.2).  This may suggest 
that the data from Fujii and Ahmed (2002) reflects a sample bias, although the same could be 
said for any of the other five publications that have reported on negative symptoms, 
especially because sample sizes are relatively small.  
Second, schizophrenia is notoriously heterogeneous in its clinical presentation, and 
negative symptoms are not a requirement for diagnosis. According to the DSM-IV-TR (APA, 
2000) only two symptoms must be present from any one of the three categories; positive, 
negative, and/or cognitive (see Chapter Three for details). Thus, it is possible to receive a 
diagnosis of schizophrenia without the presence of negative symptomatology. As such, there 
is no real basis for the hypothesis that reduced negative symptoms offer a diagnostically 
distinct profile from that of schizophrenia as it is currently conceptualised. 
It is imperative to acknowledge that because of intrinsic complexities in the 
identification, recruitment, and testing of PFTBI patients, the available literature on clinical 
symptoms is notoriously incomplete. Even where data exists for each of the symptom types, 
the data gathered from retrospective chart reviews typically summates fragmented 
information that is difficult to verify (three of the seven studies reviewed here fall into this 
category, see Table 2.2). As well as missing information, charts are often incompatible, even 
where standardised measures have been used. These gaps in the literature may, in fact, create 
an incomplete picture of the PFTBI symptom profile that is misleading in its current 
resemblance of the existing profile for functional schizophrenia. This would be compounded 
further by the fact that schizophrenia itself is diagnostically variable as already mentioned.  
Accordingly, it is too early to compare symptom rates with any real clinical 
significance; the majority of work that has reported the phenomenological characteristics of  
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Table 2.2 
Available Data on the Symptom Profile of PFTBI 
Author Year N 
(nΨ) 
Diagnosis Method Clinical 
Assessment 
 
Symptoms† 
  Positive  Negative 
  Delusions Hallucinations TD   
Achte et al. 1969 3552 
(317) 
SCZ (24%) 
pSCZ 
(22%) 
Retrospective 
chart review 
Psychiatrist notes-
unlikely 
standardised 
 Paranoid 
(22%) 
- -  - 
Bamrah & 
Johnson 
1991 1 SCZf Treating 
clinician 
-  Persecutory Auditory Yes  Flattened 
affect 
Buckley et al. 1993 5 SLP    
SaLP 
Research 
psychiatrist  
DSM-III-R 
SAPS/SANS 
 80% positive symptoms  100% 
Davison & 
Bagley 
1969 - - Literature 
review 
-  Paranoid 
(80%) 
- no  Preservation of 
affect 
Fujii & 
Ahmed 
2001 46 
(25) 
PFTBI Retrospective 
chart review 
DSM-IV  Paranoid 
(72%) 
Auditory (60%) 
Visual (8%) 
-  - 
Fujii & 
Ahmed 
2002 69* PFTBI Retrospective 
chart review 
DSM-IV  68.1%  Auditory 
(92.9%)    
Visual (32.2%) 
-  11.6 %  
Sachdev et al. 2001 90 
(45) 
SLP Retrospective 
chart review 
DSM-IV  100%  Auditory 
(84.4%)    
Visual (20%)  
Tactile (4.4%) 
Derailment 
(22.2%) 
 Flattened 
affect 
Avolition 
Agitation 
(40%) 
†Cognitive symptoms are reviewed in Section 2.5. 
* N = 55 for data on negative symptoms. 
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PFTBI has relied on the compilation of available chart information, thus the likelihood for 
inaccuracies is substantial. In addition, most of the work has defined PFTBI grossly as 
“psychosis”, without recording individual symptom information (e.g., Burg et al., 1996; 
Koponen et al., 2002; 2006), and no work has provided a statistical comparison of the clinical 
profiles of matched PFTBI and schizophrenia patients. As such, there is currently a 
significant void in the literature.
9
  Systematic examination of the clinical presentation of 
PFTBI using standardised clinical interviews and measures is vital for accurate diagnosis and 
treatment. Attempting to draw any definitive conclusions about the clinical presentation of 
PFTBI, and its similarities and differences compared to functional schizophrenia, is 
premature until this has been done.  
2.5 Cognitive Neuropsychological Profile 
Akin to the clinical profile, very little research has been published detailing the 
cognitive neuropsychological profile in PFTBI. A summary of the available data to date is 
contained in Table 2.3.  From this work, it appears some common deficiencies in language 
and vocabulary (e.g., Fujii et al., 2002; 2004; Sachdev, Smith, & Cathcart, 2001), verbal 
memory (e.g., Fujii et al., 2004; Sachdev et al., 2001),
 
and verbal learning (e.g., Bamrah & 
Johnson, 1991) may be paramount in PFTBI. Such deficits have been shown both in 
comparison to norms provided by standardised measures (e.g., Bamrah & Johnson, 1991; 
Fujii et al., 2004) and with matched injury groups (e.g., Sachdev et al., 2001). Studies that 
have used a comparison group, consisting of either healthy controls or TBI cases without 
psychosis, also suggest that PFTBI may be associated with a generalised IQ deficit (e.g., Fujii 
et al., 2004; Sachdev et al., 2001). 
Work from Fujii et al. (2004) and Sachdev et al. (2001) may further provide 
preliminary evidence that the severity of the brain injury is less influential than the psychosis 
in determining neuropsychological performance. PFTBI and TBI control patient chart 
information was compiled in both of these research studies. Fujii et al. (2004) did not match 
injury severity across groups, in fact, the PFTBI group had substantially more mild injuries 
than the TBI group, who generally had more moderate to severe injuries (mild; 16/7 and 
                                                          
9
 As noted in Section 2.2, a secondary aim of this thesis is to perform statistical comparisons of the clinical 
profiles obtained for matched PFTBI and schizophrenia cohorts. 
 33 
moderate to severe; 6/9 for PFTBI and TBI groups respectively)
10
. Despite their lesser injury, 
the PFTBI group performed more poorly than the TBI group on all neuropsychological tests, 
with the exception of the Trail Making Task (TMT, Forms A and B; Reitin & Wolfson, 
[1985], the list of tests are contained in Table 2.3). The TMT is a commonly used executive 
function task (i.e., processing speed, attention, and mental switching), and poorer 
performance would be anticipated by more severe brain injury as was shown. Unfortunately, 
the authors did not perform group-wise analyses on this data, instead choosing to compare 
each patient group with a set of norms. Nonetheless, this descriptive data provides an 
interesting indication of the relative influence of injury and psychosis on cogntive 
neuropsychological performance.  
By contrast, while Sachdev et al. (2001) did match their injury groups on both 
severity and lesion location, the PFTBI cohort again showed significantly reduced 
performance on measures of verbal/nonverbal memory and executive function.  Thus, 
because the groups were matched, it appears that the presence of psychosis in the PFTBI 
cohort accounted for their poorer neuropsychological performance. There was, however, a 
trend for the PFTBI cohort to have more left/bilateral temporal, and right parietal injury, 
differences that were no longer significant following Bonferroni correction. Given the 
established hemispheric laterality for language (i.e., the left hemisphere is dominent during 
verbal tasks, covered in detail in Chapter Four), the locus of injury in some PFTBI patients 
may also explain some of the reduced performance in verbal memory.  Since, (i) this is the 
only study offering a group-based, analyses-driven indication of the role of lesion location in 
PFTBI cogntive performance and, (ii)  lesion location was not statistically different across 
groups, this suggestion is, however, made very tentatively. By contrast, for instance, the case 
study presented by Bamrah and Johnson (1991) also showed deficits in verbal learning in 
particular, yet the CT scan taken of this patient’s brain indicated a generalised (and especially 
frontal) atrophy, rather than localised left hemisphere lesions (Figure 2.6). 
The summary of trends presented in this section is done so with additional caution for 
two reasons. First, because it is based on only four publications, one of which is a single-
sample case study, and second, because methodologically these publications contain serious 
empirical limitations. In particular, all of the existing cognitive neuropsychological data  
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 Statistical comparisons were not run by the authors so it is unclear whether these differences in injury 
severity are significant. 
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Table 2.3 
Available Data on the Cognitive/Neuropsychological Profile of PFTBI 
Authors Year N 
(nΨ) 
Diagnosis Method Assessment Comparison Outcome 
Bamrah & 
Johnson 
1991 1 PFTBI Case study WAIS (IQ), Wechsler Memory  
Scale & Williams Memory Tests 
Norms Normal range IQ and 
memory/recall. Impaired verbal 
learning 
Fujii & Ahmed 2002 69* PFTBI Retrospective 
chart review 
Various/inconsistent Norms 88% impaired; 58.82% memory, 
41.18% executive function, 
41.18% visuo-spatial, 11.76%  
language, 11.76% attention  
Fujii et al. 2004 69 
(48)† 
PFTBI Retrospective 
chart review 
WAIS, Logical Memory (immed. 
recall), Vocabulary, Block Design   
& Similarities subtests, Trail Making 
Test (A&B), Verbal Fluency, 
Wisconsin Card Sorting Test. 
Norms & 
healthy control 
data from 
elsewhere 
Lower IQ, impaired vocabulary, 
verbal memory (recall) and 
executive functioning (relative to 
controls after Bonferroni 
correction) 
Sachdev et al. 2001 90 
(45) 
SLP Retrospective 
chart review 
Various/inconsistent SLP v TBI Lower IQ, verbal and nonverbal 
memory, and frontal executive 
function impairments  
* N = 17 for cognitive neuropsychology data. 
† Consists of 24 PFTBI and 24 schizophrenia patient charts (remainder = 21 TBI).  
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Figure 2.6.Computerised tomography (CT) scan demonstrating pronounced generalised atrophy in the case 
study presented by Bamrah and Johnson (1991).  
 
published to date has been based on case study or retrospective chart review alone.  Thus, 
again, even where standardised assessments have been used the methodology is not 
consistent, and results are not necessarily complete or comparable across cases. Well 
conducted empirical studies using standardised research tools are required to further elucidate 
the cognitive neuropsychological profile of PFTBI
11
. This information is vital in the creation 
and/or adaptation of treatment programs to best support this cohort. 
2.6 Neuroimaging and Localisation 
Comprehensive empirical event-related potential (ERP) investigations (i.e., averaged 
time-locked electroencephalographic [EEG] responses to specific stimuli that provide an 
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 Standardised assessment of the cognitive neuropsychological profile in PFTBI is the major aim of this thesis. 
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indication of information processing, such as visual, auditory, somatosensory etc.) have not 
been published using PFTBI cohorts. Existing electroencephalograms in PFTBI (i.e., the 
recording of spontaneous electrical activity in the brain, that is, the voltage fluctuations that 
arise from ionic current flows within neurons) have typically been obtained for diagnostic 
purposes, for instance, where seizures are apparent, and/or the extent of injury is unclear. 
Hillbom (1960) reported that approximately 53% of his substantial collection of post-war 
cases (N=3552) had undergone EEG assessments of this kind, and the majority of these were 
obtained for patients with mild to moderate injury severity. According to Hillbom (1960), the 
excess of mild/moderate EEG recordings in his dataset likely reflect the use of EEG data as a 
tool of injury confirmation, given that ex-servicemen had an incentive to fabricate or 
exaggerate their condition in order to meet criteria for financial compensation at the time. 
Unfortunately, Hillbom (1960) did not detail EEG outcome according to case diagnosis and 
so findings particular to dually-diagnosed patients from his work are not available.  
The work from Fujii and Ahmed (1996; 2002) has probably been the most 
informative by providing summarised indications of EEG abnormalities in PFTBI. In both 
case history reviews these authors reported a predominance of temporal lobe abnormalities, 
along with a history of seizures in the majority of the case histories studied in their 1996 
review (Fujii & Ahmed, 1996; 2002). More than 70% of cases (i.e., 29 of 41) reviewed by 
them in 2002 illustrated evidence of EEG scan abnormalities. The majority of these showed 
slowing (i.e., reduced number of neural oscillations over time [termed frequency]; strictly a 
reduction in the number of sine waves recorded per second, which is often, but not confined 
to, a symptom of seizure). However, spiking (i.e., ‘bursts’ of high frequency sine waves 
shown in gamma [25-100Hz] and delta [0-4Hz] frequency bands, and also common in seizure 
patients) and dysrhythmia (i.e., a term for EEG abnormalities, usually rated in grades from I-
V classifying various theta-delta intensity/frequency or rhythmic activity including spikes and 
seizure; Mayo Clinic [1991]) was also reported. While temporal abnormalities were chief 
(45.71%), Fujii and Ahmed (2002) also described instances of frontal (14.29%), parietal 
(5.71%), occipital (14.29%), central (2.86%), and diffuse (17.14%) impairment, with no 
differences in regard to the hemispheric location of EEG abnormalities across their sample. 
Their data provides an indication of the common neurophysiological abnormalities 
accompanying psychotic symptoms post traumatic brain injury. Due to the lack of empirical 
publications, however, it is unclear how these compare to neurophysiological function 
following TBI. Slowing, spiking, and dysrhythmia, especially as epileptiform (i.e., seizure) 
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activity, is characteristically shown on EEG scans from TBI patients (Ronne-Engstrom & 
Winkler, 2006; Wallace, Wagner, Wagner, & McDeavitt, 2001). Focal abnormalities are also 
commonly shown in frontal and temporal regions, and, less commonly, in the parieto-
occipital regions (Ronne-Engstrom & Winkler, 2006; Wallace et al., 2001).  On the other 
hand, normal EEG was reported on two occasions for the case study presented by Bamrah 
and Johnson (1991), where both substantial psychiatric and psychotic symptoms were 
experienced over the patient’s lifetime post TBI.  
Alternative neuroimaging techniques (e.g., magnetic resonance imaging [MRI], 
computerised tomography [CT]) have shown that both left and right frontal and temporal 
lesions are most commonly associated with PFTBI (Achte et al., 1969; Fujii & Ahmed, 2002; 
Hillbom, 1960; Wilcox & Nasrallah, 1986).  Reduced volume of these areas has been 
associated with schizophrenia for some time (McAllister & Ferrell, 2002). Yet, again, this 
data may be inconsequential given the scarcity of empirical research to date. Similar to the 
existing EEG publications, the majority of structural data identifying the locus of injury has 
not compared localisation rates across PFTBI and non-psychotic TBI groups, and thus, it is 
plausible that the current data reflects common injury localisation in TBI generally. This 
would seem likely given that frontal and temporal sites have an increased vulnerability to 
injury due to the position of the brain within the skull (discussed in Chapter One). Work by 
Hillbom (1960),
 
Sachdev et al. (2001) and Wilcox and Nasrallah (1986), who did compare 
control non-psychotic TBI groups, also support this idea. No significant differences were 
shown in lesion location across comparison groups by any of these studies. Table 2.4 
compiles current PFTBI imaging data and Figure 2.7 illustrates the percentage rates of 
localisation according to this data anatomically. 
Of course, as discussed in Chapter One, the relationship between structural 
neuroanatomy and psychotic symptoms remains largely unclear in light of the patient 
heterogeneity reported in the literature. Because the regions implicated in schizophrenia are 
interconnected it is feasible that neuroanatomic disturbances originating from various and/or 
numerous locations may result in similar psychotic outcomes. However, it is interesting to 
note the absence of diffuse axonial injury (DAI, of comparable injury severity) in the PFTBI 
literature, perhaps a feature of PFTBI worth further investigation. The empirical 
neuroimaging data in PFTBI is, overall, extremely limited, and like other subjects of 
investigation in PFTBI, considerable further research is required.  
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Figure 2.7. TBI localisation rates in PFTBI according to the existing literature. 
 
2.7 Existing Methodological Limitations and Future Recommendations 
As discussed throughout this chapter, substantial methodological weaknesses are a 
frequent theme in the PFTBI literature. Data pooling, despite discordant information, 
represents one of the more flawed practices.  Chart review-based studies, which constitute the 
majority of available research, tend to draw conclusions about symptom trends even where 
substantial amounts of data are missing on measures of interest (Burg et al., 1996; Fujii & 
Ahmed, 2002). Similarly, critical literature reviews have typically pooled data from studies 
with incompatible methodologies and attempted to draw meaningful conclusions about 
PFTBI cohorts as a whole (e.g., Davison & Bagley, 1969). 
Recruitment is often confined to hospital inpatients or chart information taken from 
inpatient wards, and in one circumstance potential cases were sought from a list of TBI 
patients referred for further neuropsychological testing (Fujii & Ahmed, 2001). These are the 
worst cases and miss mild to moderate brain injured patients who may be experiencing mild 
psychotic symptoms (Burg et al., 1996; Fujii & Ahmed, 2001; Malaspina et al., 2001), or 
experiencing other psychiatric symptoms that are inadvertently concealing their symptoms of 
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Table 2.4 
PFTBI Localisation to Date 
Author Year N (nΨ) Diagnosis 
(%)* 
Localisation method Hemisphere Lobe Notes 
Achte et al. 1969 3552 
(317) 
SCZ (24%) 
pSCZ (22%) 
Case record 
descriptions 
Bilateral Frontal (23.8%) 
Temporal (20.4%) 
Parietal (15.3%)  
Basal (14.3%) 
Basal lesions most 
frequently psychotic 
Bamrah & Johnson 1991 1 SCZf CT Generalised 
atrophy 
Frontal  
Buckley et al. 1993 5 SLP (60%) 
SaLP (40%)  
MRI Left Temporal Left temporal lesions in SLP 
cleanly differentiated groups 
Fujii & Ahmed 1996 15 PFTBI EEG/SPECT/CT/MRI Bilateral Temporal/Frontal Right temporal lesions most 
common 
Fujii & Ahmed 2002 69 PFTBI EEG/CT/MRI  Fontal (33.3%) 
Temporal (21.7%)  
Ventricles (15.9%) 
 
Hillbom 1960 3552 
(498) 
TBI & Ψ† Case record 
descriptions 
Bilateral Temporal Left (and bilateral) temporal 
lesions most frequently 
psychotic 
Sachdev et al. 2001 90 (45) SLP CT Bilateral Temporal/Parietal  
Wilcox & Nasrallah 1987 659 
(200) 
PFTBI (11%) Case record 
descriptions 
Bilateral Temporal  
* The percentage value is provided in the ‘Diagnosis’ column where this number differs from (nΨ). 
† Case histories of men injured during the war. Temporal order of psychosis and injury unclear. 
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psychosis (i.e., symptoms of depression co-occurring with affective flattening, Fleminger, 2008; 
Koponen et al., 2002; Mainio et al., 2007). There are a number of indications in the literature that 
mild injury can precede the development of psychosis. For example, higher rates of psychosis have 
been shown in patients who have suffered a mild injury when compared with those who have 
suffered a severe injury on two occasions; Achte et al. (1969) and Fujii et al. (2004). Further, Fujii 
and Ahmed (2002) reported that PFTBI patients with milder injury tended to have shorter onset 
latency (i.e., the period between injury and the development of psychotic symptoms).  
Related to a bias in recruitment, a number of studies, particularly in the earlier research, 
have reported on servicemen/war veterans with penetrating skull injuries (Achte et al., 1969; 
Corcoran & Malaspina, 2007; David & Prince, 2005; Davison & Bagley, 1969). While these data 
are valuable because of their robust sample sizes, there are obvious limitations to their 
generalisability to later PFTBI populations, both because of the inflated rates of skull penetrating 
injuries, and the introduction of additional confounding psychopathology that may be specific to 
war injuries, for example, post-traumatic stress disorder.  
Diagnostic criteria, concerning both the identification of a traumatic brain injury and the 
presence of psychosis, are often not standardised (e.g., Achte et al., 1969). A significant traumatic 
brain injury is commonly identified in research by self-report, and the relevant details are obtained 
from a patient’s recall of the prior injury. As noted earlier, in some instances this is drawn from a 
simple yes/no response to one question (Fann et al., 2004; Silver et al., 2001).  Elsewhere however, 
there are strict criteria applied to determine the existence and severity of a traumatic brain injury 
(Deb, Lyons, Koutzoukis, Ali, & McCarthy, 1999; Max et al., 1997). Similarly, a number of 
different methods have been used to define TBI severity; Glasgow Coma Scale (GCS; Teasdale & 
Jennett [1974], e.g., Max et al., 1997), duration of loss of consciousness (Buckley et al., 1993; 
Hoofien et al., 2001), length of coma, duration of post-traumatic amnesia (PTA; Koponen et al., 
2006), and ICD-10 codes (Fujii & Ahmed, 2002; Harrison et al., 2006). These are not necessarily 
compatible and thus make the task of determining a relationship between injury severity and 
psychotic outcome difficult.  
Psychotic patients are also more likely to want to attribute their psychiatric disturbances to a 
physical cause, and thus, more likely to report a TBI.  In some cases, diagnoses of psychosis have 
been made from available chart notes alone (Corcoran & Malaspina, 2007; Kim, 2008). As 
discussed in Section 2.2, disparity is also shown in the concepualisation of the subsequent psychotic 
symptoms; some research has focused on elucidating the potential for organic schizophrenia 
(AbdelMalik et al., 2003; Corcoran & Malaspina, 2007; Kim, 2008; Malaspina et al., 2001; Nielsen 
et al., 2002), whereas others have conceptualised the link to psychotic symptoms along a continuum 
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(Buckley et al., 1993; David & Prince, 2005; McAllister & Ferrell, 2002; Wilcox & Nasrallah, 
1986).  
Retrospective recall bias is a further considerable issue in PFTBI investigations. Much of the 
work has relied on recall for a number of criteria, especially when collecting data relating to 
personal and family history (e.g., Burg et al., 1996). This is shown most in large community-based 
prevalence investigations where questionnaires are widely distributed (Fann et al., 2004; Silver et 
al., 2001). Generally, relying on recall is subject to potential inaccuracies, and this risk is 
exacerbated within brain injured and potentially psychotic populations who are known to carry 
cognitive and neuropsychological deficiencies, particularly in memory (Malaspina et al., 2001; 
Silver et al., 2001). 
Further inconsistencies arise in the recording and assessment of personal and family history 
of psychosis. Research has both; (i) failed to assess personal history of psychosis in those 
presenting with PFTBI (Burg et al., 1996; Fujii & Ahmed, 2002), and (ii) collapsed groups with and 
without psychoses prior to a TBI in their investigations (Fann et al., 2004). It is essential that these 
are reliably recorded and separated in analyses to work toward understanding the nature and/or 
direction of the relationship between psychoses and traumatic brain injury. Because genetic liability 
in schizophrenia is well established (Kim, 2008; Kumar et al., 2010), family history should also be 
reliably ascertained to move toward assessing potential aetiological (i.e., genetic) similarities 
between PFTBI and schizophrenia.  
Many of the limitations discussed here are at least partially a consequence of the inherent 
difficulties in the recruitment and assessment of a PFTBI cohort. If the existing prevalence 
estimates are accurate then prevalence appears to be between 0.7% and 9.2% of patients who 
sustain a TBI (Davison & Bagley,1969; Fujii et al., 2004).  This would explain the prominence of 
case study and retrospective chart or database reviews in the literature. Nonetheless, theorised 
conceptual models of the relationship between traumatic brain injury and psychosis are premature 
until substantial investigations, that are comprehensive and standardised, and that address the 
methodological confounds discussed in this review, are undertaken. This is required across all 
domains reviewed here. Only then can we begin to obtain a true picture of the PFTBI phenomenon.  
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Chapter 3: Cognitive Neuropsychological Deficits in Psychosis 
3.1 Introduction 
3.1.1 Schizophrenia. 
Schizophrenia is a severe mental disorder characterised by a range of disturbances in 
thought, perception, emotion, and behaviour. It is diagnosed in approximately one per cent of the 
general population, typically becoming evident during adolescence or early adulthood and 
persisting for life (Breier & Berg, 1999; Loebel et al., 1992; Szymanski et al., 1995; Torrey, 1987). 
It is diagnosed in more men than women (i.e., with a male: female ratio as high as 1:4; McGrath, 
2006), and commonly carries with it a range of comorbid mental health issues, particularly 
substance use and mood disorders (Baynes et al., 2000; Braga, Mendlowicz, Marrocos, & Figueira, 
2005; Breier & Berg, 1999).   
The symptoms of schizophrenia are generally categorised as positive, negative, and 
cognitive (Andreasen & Olsen, 1982; Kay, Fiszbein, & Opler, 1987; Liddle, 1987). Positive 
symptoms reflect the presence of abnormal thoughts and behaviours, and include delusions (i.e., 
false beliefs maintained in the face of overwhelming contradictory evidence), hallucinations (i.e., 
perceptual experiences similar to true perceptions but not resulting from the stimulation of a sense 
organ), and disorganised behaviour and language (e.g., motor immobility, stupor, excessive and 
apparently purposeless motor activity, or peculiarities of voluntary movement (APA, 2000; Colman, 
2009). Disorganised language is most commonly referred to as thought disorder. As early as 1919, 
Kraepelin referred to the incoherence of thought and anomalous thought processes, and these are 
believed to be observable via patient language. For example, patients may demonstrate disorganised 
or incoherent speech and alogia (i.e., poverty of speech or poverty of content) (Andreasen & Grove, 
1986; McGrath, 1991).  
Negative symptoms reflect the absence of responses that are normally present, and include 
affective flattening (i.e., reduced expression of emotion), avolition (i.e., difficulty initiating or 
sustaining purposeful behaviour), alogia (i.e., poverty of speech or speech content), and apathy 
(APA, 2000; Colman, 2009). The cognitive symptoms of schizophrenia include deficits in memory, 
insight, and executive function, including attention and planning (Andreasen & Grove, 1986; 
Goldman-Rakic, 1994). A generalised intellectual impairment has also been established, and 
although a sub-group of patients with “normal” or above average IQ has also been illustrated, 
patients typically perform poorly across most cognitive domains (Henry & Crawford, 2005). 
 According to the DSM-IV-TR (APA, 2000) diagnostic criteria, any two symptoms must be 
present for a significant part of one month and interfere with one of three spheres of life: personal 
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hygiene, occupational functioning, or social interaction. These disturbances must continue for at 
least six months (although they may be attenuated for some of this time), and must not be better 
explained by a diagnosis of schizoaffective disorder, bipolar disorder, or personality disorder (APA, 
2000). The symptoms of schizophrenia combine heterogeneously from patient to patient in both 
presence (absence) and severity (Andreasen & Olsen, 1982; Kay et al., 1987; Liddle, 1987). In 
acknowledgement of this, the DSM-IV-TR (2000) identifies five subtypes, including (i) paranoid 
schizophrenia (i.e., characterised by prominent delusions and hallucinations with relatively 
preserved intelligence), (ii) disorganised schizophrenia (i.e., the essential features of which are 
disorganised speech and behaviour, and affective flattening or inappropriate affect), (iii) catatonic 
schizophrenia (i.e., characterised by marked psychomotor disturbance manifested as physical 
immobility, excessive or peculiar movement, mutism, or echolalia), (iv) undifferentiated 
schizophrenia (i.e., featuring patterns of symptoms indicative of schizophrenia but not easily 
resembling the aforementioned subtypes), and (v) residual schizophrenia (i.e., at least one previous 
episode of schizophrenia but currently without prominent positive symptoms). Irrespective of 
subtype, irregular patterns of thinking, perceptual anomalies, variable emotions, and behavioural 
peculiarities combine to make schizophrenia particularly disturbing for individuals with the disorder 
(Braga et al., 2005; Breier & Berg, 1999). 
 A century of focused research has committed to investigating the cognitive 
neuropsychological domains that are deficient in schizophrenia. To date, the literature reflects a 
handful of broad domains for which consistent impairment has been shown. These include; visual-
perceptual organisation (including visual Gestalt processing), language and memory (including 
verbal fluency and semantic processing), reasoning (including probabilistic reasoning), executive 
functioning (including attention, mental inhibition and switching, and processing speed), and 
generally reduced intelligence. A detailed review and discussion of the literature pertaining to each 
of these domains follows.   
3.2 Visual-Perceptual Organisation  
3.2.1 Gestalt processing: A definition. 
Visual Gestalt (German, meaning ‘figure’, ‘form’ or ‘structure’) processing refers to the 
perceptual organisation of visual stimuli into coherent and intelligible forms, rather than an array of 
unrelated visual elements (Chey & Holzman, 1997; Sternberg, 2003; Uhlhaas & Mishara, 2007). 
Gestalt theory offers an explanation for the human perception of form; how we perceive parts of 
objects as integrated wholes based on their configuration, pattern and/or context
12
 (Sternberg, 2003; 
                                                          
12
 This tendency for perceptual organisation is explained by a number of Gestalt principles including; figure-ground, 
proximity, similarity, continuity, closure and the principle of symmetry, See Figure 3.3. 
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Uhlhaas & Mishara, 2007). In fact, the catchcry of Gestalt theory, “the whole is greater than the 
sum of its parts”, goes further to acknowledge the essentiality of perceptual organisation abilities in 
the facilitation of visual cognition (Cutting, 1989; Sternberg, 2003). For example, without this 
ability, Figure 3.1 is no more than an assortment of black dots. However, when seen as a Gestalt or 
whole image, a schematic ‘smiley face’ is perceived; two eyes and a mouth. A more complex 
example is shown in Figure 3.2. Perceived in parts, Figure 3.2 shows a series of white ‘blobs’ on a 
black background, yet, when these ‘blobs’ are perceptually organised into a whole or ‘Gestalt-
based’ image an agitated male face is perceivable. Von Ehrenfels referred to this concept as 
‘Gestaltqualität’ (form quality), where the unified pattern of elements creates an extra dimension 
that cannot be derived from the basic summation of its component parts (Cutting, 1989). 
Considering Figure 3.1 once more, for example, the sum of the eleven black dots is meaningless; 
the face is apparent in the configuration of dots, perceivable only by applying Gestalt principles.  
 
Figure 3.1. Schematic ‘smiley’ face perceived via Gestalt processing. 
 
Figure 3.2. Mooney face (Mooney, 1957); Perceived via configural (Gestalt) processing. 
3.2.2 In schizophrenia: A history. 
Figureheads in the study of schizophrenia, for instance Kraepelin and Bleuler, failed to 
consider the role of perceptual processing in the symptomatology of schizophrenia (Kraepelin, 
1913; Uhlhaas & Mishara, 2007). However, by the 1950’s (e.g., Conrad), and again in the 1980’s 
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(e.g., Matussek), links between symptoms and sensory processing abnormalities had been made 
(Conrad, 1954; John & Hemsley, 1992). Maher (1974) famously identified a fundamental anomaly 
in sensory input and perceptual processing in his cognitive account of delusion formation
13
. More 
recently, cognitive neuropsychology has provided empirical evidence for deficiencies in the earliest 
stages of sensory processing in patients, especially the perceptual organisation of sensory stimuli 
(Parnas et al., 2001; Schwartz-Place & Gilmore, 1980; Silverstein, Kovacs, Corry, & Valone, 
2000). In the tradition of Maher (1974), one line of research has concentrated on disruptions of 
visual processing in schizophrenia and potential pathways from impaired early visual processing to 
the development and maintenance of hallucinations and delusions (see Cutting, 1989; Uhlhaas & 
Mishara, 2007).   
 
 
 
 
 
 
Figure 3.3. Examples of Gestalt principles: a) proximity b) similarity c) continuity d) closure e) symmetry. 
Images taken from Sterrnberg (2003).  
                                                          
13
 According to Maher (1974), delusions are the result of entirely normal and intact cognitive explanations sought to 
rationalise abnormal percepts. 
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Perception involves the interaction of existing knowledge with incoming sensory input at all 
stages of processing. Changes in the organisation of the perceptual field are thus likely to impact 
perception and cognition (Uhlhaas & Mishara, 2007). Koehler (1947, as cited in Uhlhaas & 
Mishara, 2007p. 145) explained that “it is precisely the original organisation and segregation of 
circumscribed wholes which make it possible for the sensory world to appear so utterly imbued 
with meaning... in its gradual entrance into the sensory field, meaning follows the lines drawn by 
organisation.”  That is, the ability to perceptually organise visual information in a way that 
facilitates the cognitive appreciation of that information within its context (i.e., via Gestalt 
processing) is vital to healthy perception. The identification of visual elements, objects, and parts 
seems to remain intact in schizophrenia (for example, patients readily identify a car, a bird, a 
house), but these are disjointed rather than parts of a scene (for example, of a neighbourhood 
home). This context (i.e., the neighbourhood home) is vital in the logical and meaningful 
assessment of otherwise fragmented objects in the environment (John & Hemsley, 1992).  
3.2.3 Research in schizophrenia. 
The disintegration of Gestalt processing has been shown in experimental paradigms (Joshua 
& Rossell, 2009; Parnas et al., 2001; Rief, 1991; Schwartz-Place & Gilmore, 1980; Silverstein et 
al., 2000), and in subjective phenomenological accounts related to the onset of psychosis (Cutting, 
1989; Uhlhaas & Mishara, 2007). Cutting and Dunne (1986) reported that at least fifty per cent of 
patients could clearly remember a perceptual change relating to the onset of their illness. Accounts 
of this change unequivocally implicate disruptions to the essential Gestalt: 
Everything I see is split up. It’s like a photograph that’s torn into bits and put 
together again. If somebody moves or speaks, everything I see disappears quickly and I have 
to put it together. (Uhlhaas & Mishara, 2007, p. 144)  
I was surrounded by a multitude of meaningless details…I did not see things as a 
whole, I only saw fragments: a few people, a dairy, a dreary house. To be quite correct, I 
cannot say that I did see all that, because these objects seemed altered from the usual. They 
did not stand together in an overall context, and I saw them as meaningless details… My 
impressions did not flow as they normally do… (Cutting, 1989, p. 431) 
She remembered that she could not look at the whole door. She could only look at 
the knob or some corner of the door. The wall was fragmented into parts. (Uhlhaas & 
Mishara, 2007, p. 144) 
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Paradigms have been designed to further elucidate the nature of specific perceptual 
organisation and Gestalt processing inabilities, should isolated inabilities exist (Knight, Manoach, 
Elliott, & Hershenson, 2000; Silverstein et al., 1996). For instance, patients have been shown to 
differentially process stimuli made up of non-contiguous (i.e., non-touching) non-configural (i.e., 
do not require holistic/Gestalt processing) elements relative to controls (Silverstein et al., 1996). 
This implicates a deficit at the initial stage of basic visual element organisation, and may be 
supported further by work showing that NMDA receptors, implicated in proficient perceptual 
organisation via glutamatergic excitation, may be hypoactive in schizophrenia (Olney, Newcomer, 
& Farber, 1999; Phillips & Singer, 1997). Additionally, although some literature is contentious 
(e.g., Chey & Holzman, 1997), processing of non-contiguous configural stimuli that relies on 
Gestalt principles to be perceived, such as the Mooney face (Mooney, 1957, Figure 3.2), seems to 
be fundamentally disrupted in patients (Buchanan et al., 1994; Joshua & Rossell, 2009; Rabinowicz, 
Owen, Opler, & Knight, 1996; Silverstein et al., 2000). On the other hand, there is some evidence to 
suggest that the perceptual organisation of visual elements to symmetrical stimuli, also requiring 
Gestalt processing, may be intact (Knight et al., 2000).
14
    
 Of course, poor performance by patients on tasks attempting to capture a breakdown in 
visual perceptual organisation may reflect, at least in part, other illness-related factors. Intelligence, 
reduced short term/working memory abilities, general medications effects (e.g., slowed reaction 
times), and negative symptoms such as apathy and reduced motivation would all be expected to 
influence task performance. However, in general, these factors have been discounted in this field 
and replicable visual organisation deficits are reported (see Parnas [2001] for example). 
 Schwartz-Place and Gilmore (1980) showed that the performance of patients with 
schizophrenia was reduced relative to healthy controls when they were asked to determine the 
number of lines (i.e., ranging from zero to six) amongst distracter stimuli (i.e., circles amongst the 
lines; circles create the “noise” condition, see Figure 3.4a for example stimuli). However, the 
opposite trend in performance (i.e., reduced accuracy from healthy controls instead) was shown 
when the orientation and proximity of the lines was manipulated, but no distracter stimuli/noise 
conditions were introduced (see Figure 3.4b). This is evidence of a deficit in the capacity of patients 
to perceptually organise visual features into perceptual wholes (i.e., Gestalt) based on similarities in 
their properties because, in the first experiment, which patients were unable to do well, the  
                                                          
14
 The degree to which perceptual organisation was necessary for the task used by Knight et al. (2000) is questionable. 
Their data may instead reflect the intact featural (i.e. objects, parts etc.) processing ability already established in 
schizophrenia. 
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Figure 3.4. Sample stimuli from Schwartz-Place & Gilmore (1980): a) 
experiment one, “noise” condition (p.411), b) experiment two, orientation 
and proximity of stimuli manipulated, condition without “noise” (p.414). 
 
 
 
 
 
 
Figure 3.5. Sample card taken from the Gabor Elements Contour Integration 
Task (GECIT; Kovacs et al., 2000). The circular figure must be indentified 
amongst the distracters (shown here in the bottom left corner). Illustrates the 
figure-ground Gestalt principle. 
a) 
b) 
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organisation of the stimuli into groups of lines and circles facilitates the speed and accuracy of the 
task. Thus, patients were at a disadvantage because, theoretically, they were visually processing the 
stimuli as individual lines (i.e., distinct “parts”). Conversely however, this strategy of processing 
gave them an advantage in the second experiment, where the habitual tendency to perceptually 
group the lines was not conducive to the task. These findings were later replicated by Wells and 
Leventhal (1984). 
Further evidence comes from Silverstein et al. (2000) who showed reduced performance by 
patients on a contour integration task. Cards are presented to participants that contain non-
contiguous dashes, where a select few of the dashes form a circle among the distracter dashes. 
Participants need to be able to apply Gestalt principles to detect the circular grouping (i.e., figure) 
amongst the distracters (i.e., ground, see Figure 3.5 for an example of this task; the Gabor Elements 
Contour Integration Task [GECIT]; Kovacs, Polat, Pennefather, Chandna, & Norcia, 2000).   
Proficient Gestalt processing in schizophrenia has also been shown. Chey and Holzmen 
(1997) demonstrated Gestalt processing in patients with schizophrenia over two experiments. 
However, a closer look at their paradigm reveals that these data may be misleading. The authors 
requested that participants identify whether a certain stimulus ‘part’ presented on screen had come 
from the whole stimulus that they had been shown for five seconds prior. It stands to reason that 
both patients and controls could adequately complete this task given that both Gestalt processing 
strategies (presumably employed by controls) and featural/part processing strategies (presumably 
employed by patients) would be effective in the identification of matching parts to the original 
whole stimulus. If the breakdown in Gestalt processing in schizophrenia is accurate, patients may 
even have an advantage in a task of this nature, which may explain the faster reaction times reported 
by Chey and Holzmen (1997) for patients relative to controls
15
.  
Work from Rief (1991), however, showed that while global/Gestalt processing abilities are 
reduced in patients, this disadvantage may be relative according to the salience of the Gestalt 
properties in the visual image.  Using the paradigm established by Schwartz-Place and Gilmore 
(1980), Rief (1991) found that where the salience of the Gestalt was strong, for example when all 
six non-contiguous lines in the shape of a hexagon were presented, patients did in fact perceive the 
global Gestalt. However, in the three line condition, where the hexagon shape is obscured, patients 
appeared to be processing the lines as local information (i.e., line by line). This is consistent with 
the proposal that rather than being unable to utilise Gestalt principles in visual processing, patients 
                                                          
15
 This task would further be confounded by reliance on working memory load.  Schizophrenia patients have 
established deficits in working memory (Brebion, Bressan, Pilowsky, & David, 2011; Ehrlich et al., 2011), discussed in 
section 3.4 Memory. 
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are instead less influenced by the global features of visual displays (Chey & Holzman, 1997; 
Landgraf et al., 2011; Rief, 1991). 
Attempts to trace the degradation of visual organisation over the course of the illness (i.e., 
cross-sectionally) have also been made. Parnas et al. (2001) administered three visual binding tests, 
(i.e., contour integration, the Műller-Lyer illusion, and the global/local letter test, see Figures 3.6a-
c) to four groups; a group of chronic re-admitted schizophrenia patients, first episode patients, 
prodromal schizotypal disorder patients, and a group of hospital staff controls. Chronic patients 
illustrated the worst performance across all visual binding tasks, confirming reduced perceptual 
organisation in schizophrenia. Interestingly though, the prodromal patients exhibited superior 
performance, even relative to controls. Given the deterioration of perceptual organisation in 
schizophrenia, it may be that the prodromal phase is marked by an enhancement in Gestalt detection 
and processing. Theoretically then, the development of the illness into diagnosable schizophrenia 
would be accompanied by the development of enhanced Gestalt processing into Gestalt 
deterioration (Parnas et al., 2001). Just prior to illness onset and/or during their first episode of 
psychosis, individuals often describe symptoms that would support this interpretation (see Cutting, 
1989). For example; “Out of these perceptions came the absolute awareness that my ability to see 
connections had been multiplied many times over” (Uhlhaas & Mishara, 2007, pg. 146). Further, 
there is evidence that the prodromal phase is associated with hyper-reactivity in the magnocellular 
visual pathway (Keri & Benedek, 2007). Such evidence may offer a biological basis for enhanced 
intensities of visual stimuli, and these are likely to facilitate superior Gestalt detection (Parnas et al., 
2001). Of note, the prodromal patients in Parnas et al.’s (2001) investigation showed intermediate 
results (as anticipated) on a range of cognitive measures. This is an important indication that 
accurate evidence of superior Gestalt detection during the prodrome phase was shown, rather than a 
data-based inaccuracy specific to the prodromal group (Parnas et al., 2001).  
The work from Parnas et al. (2001) provides some insight into illness chronicity and relative 
perceptual deficits, but in general the literature remains unclear. When compared with an outpatient 
group, the breakdown in visual perceptual organisation was observed in inpatients only (Silverstein 
et al., 2000). Such findings conflict with evidence of Gestalt processing deficits in (i) schizotypal 
personality (i.e., a healthy personality trait known to share the neurocognitive profile in 
schizophrenia, Goodarzi, Wykes, & Hemsley, 2000) and, (ii) healthy first degree relatives 
(Surguladze et al., 2011). 
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Figure 3.6. Example Stimuli from Parnas et al. (2001). a) Contour Integration; Some of the lines have the 
same orientation. The figure can be segregated from the ground because of the saliency of figure-defining 
contour elements. In this example, a square appears on the right of the figure. b) Muller-Lyer Illusion, The 
horizontal lines here are of equal length but the right one appears longer. c) Global vs. Local Processing; 
Participants have to focus either on the global (‘T’) or the local (‘F’) letter. 
 
Where healthy but psychosis-prone individuals illustrate comparable deficits the implication 
is for a trait, rather than state, impairment. Yet, abnormalities in perceptual organisation have been 
associated with disorganised symptoms in particular (Knight & Silverstein, 1998; Silverstein et al., 
2000; Uhlhaas, Phillips, & Silverstein, 2005; Uhlhaas, Phillips, Mitchell, & Silverstein, 2006), but 
not positive, negative, or general symptoms (Knight & Silverstein, 1998). Moreover, Uhlhaas et al. 
(2005) demonstrated that visual perceptual organisation improved significantly as disorganised 
symptoms were reduced in patients undergoing treatment, and this implicates state-related 
perceptual impairments instead.  
Essentially, the literature points to a perceptual organisation deficit that may be somewhat 
heterogeneous in its degree. This is reflective of most aspects of the illness.  It may be that 
alternative illness-related factors (e.g., intelligence, working memory etc., as mentioned) account 
quite nicely for some of the heterogeneity in findings, and/or that variation in perceptual 
organisation abilities across research studies are simply reflective of basic individual differences. 
Nonetheless, a preference for local information processing (i.e., over global/Gestalt processing) 
appears viable in schizophrenia. 
3.3 Language 
3.3.1 General language deficits. 
Language is inextricably linked to the core communication-based characteristics of 
schizophrenia (Bellani, Perlini, & Brambilla, 2009; Covington et al., 2005; Crow, 1998; Kuperberg, 
2010).  Most noted is the language component of thought disorder, and the so far unsuccessful 
efforts to delineate the boundaries of thought, language and speech (Levy et al., 2010; Zegers, 
2010). In fact, even Kraepelin, whose attention rested primarily on disordered thought, referred to 
b) c)a)
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“derailments in the expression of thought in speech” (1896, p. 72, as cited in Levy et al., 2010, 
emphasis added). More recently Crow (1997) has gone so far as to ask whether “schizophrenia (is) 
the price Homo sapiens pays for language?” According to Crow (1997), because the genetic 
evolution of language in humans is relatively new, and thus failure-prone, one of its evolutionary 
‘glitches’ may manifest as schizophrenia. Yet, even with its failures, language is preserved in the 
gene pool because it is so incredibly valuable (Crow, 1997; DeLisi, 2001).  
Irrespective of its aetiological origin, a large body of work has established fundamental, and 
unusual, language deficits in patients (Crow, 1997; DeLisi, 2001; Zegers, 2010). Empirical studies 
of language have often focused on word generation and the meaning of utterances in patient 
populations (Bellani et al., 2009; Rossell, 2006; Rossell, Rabe-Hesketh, Shapleske, & David, 1999). 
Level by level assessments of linguistics including phonetics and phonology (i.e., speech sounds 
and their distribution/patterns and pronunciation rules), prosody (i.e., timing and intonation), 
morphology (i.e., word formation patterns, including inflection, derivation and composition), syntax 
(i.e., grammatical rules), semantics (i.e., meaning), pragmatics (i.e., situational context) and 
coherence (i.e., logical congruency and understandability) have revealed impairments at most 
linguistic levels, perhaps with the exceptions of phonological structure, morphology and syntax 
(Covington et al., 2005; DeLisi, 2001; Levy et al., 2010). The empirical study of abnormal 
semantics has by far received the most attention (e.g., Allen & Frith, 1983; Aloia, Gourovitch, 
Weinberger, & Goldberg, 1996; Elvevag, Weinstock, Akil, Kleinman, & Goldberg, 2001; Rossell et 
al., 2010; Rossell & David, 2006). Evidence from verbal fluency and semantic priming tasks points 
to the likely breakdown of access to the semantic memory store, as well as the disorganisation of 
semantic concepts within the network (Bozikas, Kosmidis, & Karavatos, 2005; Elvevag et al., 2001; 
Kremen, Seidman, Faraone, & Tsuang, 2003; Landro & Ueland, 2008; Rossell, Shapleske, & 
David, 2000; Vinogradov et al., 2002). The literature on semantics pertains to both language and 
memory. Verbal fluency (i.e., language) will be discussed next with references made to memory 
where necessary to provide a context, however a comprehensive discussion on semantic memory 
follows in Section 3.4 Memory. 
 
3.3.2 Fluency, memory structure and strategy. 
Assessments of verbal fluency require participants to generate as many words as they can 
from their inner lexicon while conforming to a given category (Chen, Chen, Chan, Lam, & Lieh-
Mak, 2000; Vogel et al., 2009). They do this under time pressure, usually within 60 seconds, or 
over three minutes (Ojeda et al., 2010).  Two types of fluency are typically assessed: (i) 
phonological (or letter) fluency, which refers to the generation of words that begin with a certain 
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letter, usually conducted over three trials using ‘F’ ‘A’ and ‘S’ (The Controlled Oral Word 
Association Test [COWAT]; Spreen & Strauss, 1998), (ii) semantic fluency, which requires words 
to be generated that belong to a specific semantic category (i.e., animals, fruits/vegetables) (Bowie 
et al., 2004; Rossell, 2006; Rossell, Rabe-Hesketh, Shapleske, & David, 1999). Both types are 
thought to demand a comparable amount of executive functioning, given that for both tasks verbal 
retrieval and recall needs to be efficiently organised, responses need to be self-initiated, self-
monitored, and inhibited when inconsistent with the task (Henry & Crawford, 2005; Ojeda et al., 
2010). However, semantic fluency is considered easier than phonological fluency to perform 
because, theoretically, it reflects the network model of memory (i.e., close storage and connection 
of concepts that are similar in meaning, allowing for faster retrieval). By contrast, phonological 
fluency asks for the retrieval of concepts based principally on their lexical representations, and thus, 
these concepts are more likely to be stored at a considerable (theoretical) distance from each other 
(i.e., ‘food’ ‘front’ ‘fumble’ ‘fly’) (Landro & Ueland, 2008; Rossell et al., 1999) (see Figure 3.7). 
This is reflected in the performance data, whereby a greater number of semantic, compared to 
phonemic, category words tend to be generated by healthy individuals (Harrison, Buxton, Husain, 
& Wise, 2000). 
Semantic fluency is also thought to rely on specific cognitive strategies; clustering (i.e., the 
production of words from within a particular semantic category), and switching (i.e., the ability to 
switch efficiently to a new subcategory or ‘cluster’ once the present cluster is exhausted (Bozikas et 
al., 2005; Landro & Ueland, 2008; Moore, Savla, Woods, Jeste, & Palmer, 2006; van Beilen et al., 
2004). For example, within the category ‘animals’ several clusters can be formed such as farm 
animals, birds, marine animals, wild animals, and zoo animals. The participant would actively 
switch from one cluster (e.g., farm animals) to another (e.g., birds) once they were unable to 
retrieve any further farm animals from memory. Thus, verbal fluency tasks have been used to 
assess, and presented as evidence of, various competencies and/or deficiencies in cognitive domains 
including executive function (Moore et al., 2006), verbal intelligence, language and 
vocabulary/lexicon size (Moore et al., 2006; Sumiyoshi et al., 2001), processing speed (Henry & 
Crawford, 2005; Ojeda, Pena, Sanchez, Elizagarate, & Ezcurra, 2008; Vinogradov et al., 2002), 
psychomotor speed (van Beilen et al., 2004) and semantic memory structure (Rossell et al., 1999; 
Sumiyoshi et al., 2005).  
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Figure 3.7. a) Schematic representation of a semantic network for the concept fish according to network models of memory. The diagram illustrates the network of 
concepts that are linked to fish and held permanently in semantic memory. The arrows represent mental pathways and these vary in length to indicate the salience of 
meaningful relationships between concepts. Shown is the superordinate category of aquatic animals, and superordinate to this, the category of animals. Example 
subordinate categories (i.e., tuna, seahorse, etc.) are also shown. Interconnections of horizontal and vertical semantic associations provide the concept fish with its 
meaning. b) Theoretical illustration of the semantic distance between concepts where the search is lexically-driven. The example maps words beginning with the letter 
‘F’ (in red) over the original concept of fish. c) Adaptation of (a) illustrating the theorised semantic memory network in schizophrenia. The basic structure of the 
semantic memory store is intact; however, patients may have (i) less accurately related concepts available to them and (ii) more idiosyncratic relations available. Thus, 
hypothetical mental pathways between concepts such as fish and horse, or fish and numbers, may underlie poor performance on semantic memory tasks. Replicated 
from Rossell, Batty and Hughes (2010). 
fins
gills
boat
elongated 
body
AQUATIC ANIMALS
ANIMALS
SALMONTUNA
MUDSKIPPERSEAHORSE
scales
swim
ATLANTIC 
SALMON
BLUEFIN
TUNA
OCEAN
bait
FARM
MAMMALS
FISH
fins
gills
boat
elongated 
body
AQUATIC ANIMALS
ANIMALS
SALMONTUNA
MUDSKIPPERSEAHORSE
scales
swim
ATLANTIC 
SALMONFRONT
OCEAN
plane
FOOD
MAMMALS
FISH
fly
catch
fumble
fins
gills
boat
mermaid
AQUATIC ANIMALS
ANIMALS
COUCHTUNA
SEAHORSE
scales
swim
BLUEFIN
TUNA
OCEAN
bath
numbers
MAMMALS
FISH
sleephorse
a) b) c) 
 55 
3.3.3 Research in schizophrenia: Access versus storage. 
 It is well established that patients with schizophrenia show a deficit on verbal fluency 
tasks (Bozikas et al., 2005; Elvevag et al., 2001; Kremen et al., 2003; Landro & Ueland, 
2008; Prescot, Newton, Mir, Woodruff, & Parks, 2006; Vinogradov et al., 2002). Patients 
generally show a reduced number of total words, clustered categories of words, and switches 
across categories (Henry & Crawford, 2005; Landro & Ueland, 2008; Troyer, Moscovitch, & 
Winocur, 1997)
17
. Given that semantic fluency is considered less demanding on memory 
retrieval processes than phonological fluency, it is interesting that patients consistently and 
overwhelmingly demonstrate disproportionately impaired performance on semantic, relative 
to phonemic, tasks (Bokat & Goldberg, 2003; Henry & Crawford, 2005; Kremen et al., 2003; 
Landro & Ueland, 2008; Rossell et al., 1999). This is true even where intelligence quotient 
(IQ) (Kremen et al., 2003), medication effects, executive functioning deficits (Kremen et al., 
2003) and processing speed (Ojeda et al., 2008; Vinogradov et al., 2002) are taken into 
account in data analyses. Only the rare exception has appeared in the literature and these may 
point to other factors (i.e., aging effects) rather than a consequence of schizophrenia sequelae 
(see Kosmidis et al., 2005).  
It is reasonable to conclude that a semantic memory deficit exists in schizophrenia 
because the fluency and clustering of semantically related words depend intrinsically on the 
integrity of semantic associations within the network (Ojeda et al., 2010; Prescott et al., 2006; 
Sumiyoshi et al., 2005; Vinogradov et al., 2002). There is some contention in the literature as 
to whether the demonstrated deficits in fluency equate to (i) the inefficient retrieval of, or 
access to, stored concepts or, (ii) a disorganisation of the semantic memory store itself (Henry 
& Crawford, 2005; Rossell & David, 2006). Some authors have argued for the disruption of 
both (e.g., Henry & Crawford, 2005).  
Henry and Crawford (2005) presented a meta-analysis of 84 studies published 
between 1981 and 2002 which pooled verbal fluency data from 2947 patients with 
schizophrenia and 2469 healthy controls. As expected, patients were worse at both fluency 
tasks compared to controls, and significantly worse on semantic versus phonological fluency. 
Because reduced performance was shown to both measures of fluency, the authors argued for 
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 Other authors have suggested that patients do create a comparable amount of both clusters and switching 
during word production by applying the same cognitive strategies as controls, but that they use these 
strategies less effectively, and thus, simply generate fewer words per cluster (Bozikas et al., 2005; Kosmidis et 
al., 2005; Van Beilen et al., 2004). 
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a general retrieval deficit in patients, and, given excessively reduced performance on the 
semantic task, an additional semantic store anomaly. They drew this conclusion in spite of 
their data showing no differential deficits on either measures of fluency once the influence of 
psychomotor speed (i.e., symptoms of blunted affect, emotional withdrawal, passive/apathetic 
social withdrawal, lack of spontaneity and flow of conversation; Vogel et al., [2009]) and 
general intelligence were statistically removed in analysis. As such, the findings from Henry 
and Crawford (2005) actually suggest intact fluency. Other meta-analyses have, however, 
provided evidence of the typical disproportionate semantic impairment in schizophrenia (e.g., 
Bokat & Goldberg, 2003). 
A significant correlation between the duration of illness and semantic, but not 
phonemic, fluency was also shown by Henry and Crawford (2005). This is a noteworthy 
relationship, particularly from a dataset of this size, and instead points to a semantic-specific 
deficit in schizophrenia that may be influenced by the progression of the illness. Their data is 
in keeping with other investigations that have demonstrated a relationship between fluency 
abilities and symptom profile. For instance, patients with delusions exhibit poorer 
performance on fluency tasks (Rossell, 2006; Rossell et al., 1999), usually because currently 
deluded patients produce more idiosyncratic, and therefore, more category inappropriate 
words relative to non-deluded patients (Rossell et al., 2010). These findings support the 
hypothesis that the semantic store becomes more idiosyncratically organised over the 
duration of the illness (this hypothesis is discussed in the following section of this chapter; 
3.4.4 Research in schizophrenia: Semantic memory abnormalities). Poor semantically-driven 
clustering in schizophrenia is also cited in support of this hypothesis. Patients have 
demonstrated semantic, but not phonemic, impairments in clustering, and this implies that the 
access and retrieval of concepts from memory are relatively intact, whereas the storage of 
concepts in the network appear disrupted (Bozikas et al., 2005). 
Specific deficits in the retrieval of semantic information in patients have also been 
hypothesised. Vogel et al. (2009) gave patients a comprehensive battery of language-related 
tasks (i.e., measures of verbal fluency, semantic matching, naming and sentence generation) 
and, as expected, patients performed poorly relative to controls. The Pyramids and Palm 
Trees Test (Howard & Patterson, 1992) was administered as a semantic matching task and 
the data used as evidence of retrieval deficits. However, while the task was originally 
developed to measure access to semantic memory (Gudayol-Ferre et al., 2008), there is no 
reason why poor performance on this task is not equally as likely to be indicative of an 
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idiosyncratically organised semantic network. Therefore, the interpretation of these findings 
as evidence of deficient retrieval-based processes may not be justified.  This would be 
especially true if the patients tested were chronically unwell and/or currently deluded 
(Rossell, 2006; Rossell et al., 1999). However, other than the mean duration of illness (M = 
8.42, SD = 5.66), Vogel et al. (2009) did not provide clinical information, and thus the 
influence of symptoms on task performance is unclear.  
3.3.4 Alternative explanations. 
A number of other interpretations have been offered as an explanation for verbal 
fluency deficits including a fundamental deficit in lexicon size (Chen et al., 2000), the result 
of impaired psychomotor speed (van Beilen et al., 2004), and the influence of working 
memory (Ojeda et al., 2010). Generally the effects of these variables remain inconclusive in 
light of inconsistencies across studies and instances where likely confounds are ignored. For 
example, Chen et al. (2000) estimated lexicon size for both patients (M = 90.6, SD = 49.9), 
and controls (M = 185.7, SD = 87.1).  Because patients showed an average lexicon less than 
half the size as that estimated for controls, the authors identified lexicon as the chief 
impairment (Chen et al., 2000). Primarily, their work ignores the differential impairment to 
semantic versus letter fluency established in the literature (Bokat & Goldberg, 2003; Henry & 
Crawford, 2005). Moreover, while Chen et al. (2000) controlled for age, education, and 
illness duration in their analysis, lexicon size is likely to reflect any number of other known 
deficits in schizophrenia, particularly those related to intelligence, cognition, and a poor 
social environment, of which they took no measurement. Thus, while it is likely that patients 
may in fact have a reduced lexicon relative to controls, a range of established impairments in 
executive function, poor concentration, attention, and/or working memory are at least equally 
as likely to explain these data.  
Ojeda et al. (2010) split their patient group according to fluency performance and 
found that working memory was only predictive for patients in the poorer performance group. 
Processing speed was instead predictive of fluency scores from the better performers, a 
pattern that matched that of the healthy control group. They argued, thus, that 
neuropsychological data from patients may not always reflect the same underlying 
mechanisms, where less impaired patients are utilising cognitive strategies akin to those 
shown by healthy controls. However, both Ojeda et al. (2008) and Vinogradov et al. (2002) 
have shown the influence of processing speed on fluency performance, regardless of the level 
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of impairment. In fact, Ojeda et al. (2008) illustrated this relationship in chronic hospitalised 
patients, which is contradictory to their later work (i.e., Ojeda et al., 2010), and suggests that 
processing speed is influential for all task performers.   
 Not even the relationship between impoverished verbal fluency and symptoms of 
alogia (poverty of speech) is straightforward. Rossell (2006) demonstrated the expected 
relationship whereby deficient verbal fluency is related to alogia, but this is inconsistent with 
evidence from others (e.g., Bowie et al., 2004; Sumiyoshi et al., 2005). There is some 
indication, however, that patients with alogia have a larger degree of semantic disorganisation 
(Sumiyoshi et al., 2005) and that the presence of negative symptoms in schizophrenia 
significantly reduces fluency performance (Bowie et al., 2004). Together then, this literature 
illustrates that poverty of speech alone does not account for poor fluency in patients.  
3.3.5 Age of onset, age of testing, and psychobiology. 
The later onset of symptoms may protect against the substantial degradation and/or 
disorganisation of the semantic store seen in patients with a typical onset and course. 
Sumiyoshi et al. (2001), for instance, demonstrated that semantic fluency was relatively less 
impaired in late onset schizophrenia. By contrast, investigations in early onset psychosis have 
shown both semantic only impairments (e.g., Phillips, James, Crow, & Collinson, 2004) and 
equally impaired semantic and phonemic fluency (Landro & Ueland, 2008). These 
impairments appear to then continue into middle (e.g., Moore et al., 2006) and older age (e.g., 
Bowie et al., 2004; Kosmidis et al., 2005; Moore et al., 2006). Given their finding of an 
isolated semantic impairment in adolescent patients, Philips et al. (2004) suggested further 
that semantic and phonemic fluency processes may have distinct neurocognitive geneses. 
This complements data from Kosmidis et al. (2005) who demonstrated that elderly patients 
were differentially impaired in phonological fluency alone, however this finding has not been 
replicated (Bowie et al., 2004; Kosmidis et al., 2005; Moore et al., 2006). 
Functional magnetic resonance imaging (fMRI) data has provided some further 
indication that distinct underlying cognitive mechanisms may explain disproportionate 
fluency performance.  While the underlying neural networks overlap considerably, 
phonological fluency is generally associated with frontal lobe functionality implicating the 
executive processes required by this task, such as attention, concentration, effortful retrieval, 
and working memory.  The same is true for semantic fluency, reflecting the executive 
demand of semantic tasks, however semantic fluency is also associated with temporo-parietal 
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function (Henry & Crawford, 2005; Kircher et al., 2009; Kremen et al., 2003; Spence et al., 
2000; Takizawa et al., 2008). Kircher et al. (2009) showed that reduced activation in these 
areas correlated with NRG1, a susceptibility gene for schizophrenia, which was also 
significantly related to reduced semantic, but not phonological, fluency. Verbal fluency 
deficits have also been related to reduced grey matter volume and reversed asymmetry of the 
pars triangularis (generally, inferior parietal and Heschl’s gyri) in patients, and in their first 
degree relatives (i.e., at high genetic risk for schizophrenia) (Bhojraj et al., 2009). 
In summary, a verbal fluency deficit in patients with schizophrenia has been 
established, although the underlying mechanisms that contribute to this deficit are less clear. 
Whether the problem reflects the disrupted access to networks, retrieval of stored concepts, 
inherent differences in the organisation of stored concepts, or the combined effect of these is 
uncertain. Existing data overwhelmingly suggests a greater semantic impairment where 
semantic and phonemic performance has been compared, even where other factors that are 
renowned for reducing performance in schizophrenia (for example, processing speed, 
working memory and IQ), have been ruled out as an explanation for poor performance. 
Empirical findings of this nature theoretically implicate the organisational structure and/or 
integrity of the semantic network, which has traditionally been measured via semantic 
priming paradigms.  
3.4 Memory 
3.4.1 General memory impairments.  
Impaired memory is generally considered a neuropsychological feature of 
schizophrenia (Broome et al., 2010; Silver et al., 2001). Memory deficits have been 
demonstrated across both verbal (Bartholomeusz et al., 2011; Hofer et al., 2011; Nieto & 
Castellanos, 2011), and visual modalities (Hofer et al., 2011; Kalkstein et al., 2010; Nieto & 
Castellanos, 2011), and in the context of both short- (i.e., working), and long-term memory 
(Cannon et al., 2005; Nieto & Castellanos, 2011). This is especially true at the stage of 
information encoding (Dias et al., 2011; Zierhut et al., 2010). Deficits are also well 
established for specific types of memories, including episodic memories (i.e., memory 
relating to personally experienced past events, or episodes; Girard, Christensen, & Rizvi, 
2010; Grillon, Krebs, Gourevitch, Giersch, & Huron, 2010; Leavitt & Goldberg, 2009; Wang, 
Metzak, Honer, & Woodward, 2010), and semantic memories (discussed in detail in Section 
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3.4.2), with data suggesting that recognition is less impaired than recall (Beatty et al., 1993; 
Kalkstein et al., 2010)
18
.  
In a meta-analysis of twelve studies investigating early onset schizophrenia Nieto and 
Castellanios (2011) indicated that memory capacities appear to be relatively stable. Further 
evidence of this comes from deficits shown in first episode patients (Bartholomeusz et al., 
2011), and in schizotypy (Kerns & Becker, 2008). While impairment is shown in early onset 
patients (e.g., Girard et al., 2011; Nieto & Castellanos, 2011), data from Girard et al. (2011) 
suggested further that, along with some executive functions, memory may be preserved in 
late onset schizophrenia. The authors reported that no differences between late onset patients 
and controls were observed once age and education were considered in analysis (Girard et al., 
2011). Further work has shown that the degree of working memory capacity may predict 
psychosis in individuals in the prodromal phase (Pukrop et al., 2007), that haplotypes (i.e., a 
set of alleles, or formations of a gene) associated with schizophrenia are also associated with 
reduced short- and long-term memory performance (Cannon et al., 2005), and that spatial 
working memory deficits may be linked to increased genetic risk for schizophrenia, shown in 
studies of monozygotic and dizygotic twins (Broome et al., 2010; Cannon et al., 2000). 
Together this work suggests that memory deficits may exist as a persistent and heritable trait 
in schizophrenia, as opposed to being state (i.e., symptom) related. 
There is some contention in the literature as to which memory modality is most 
impaired. Kalkstein et al. (2010) concluded that verbal memory is disproportionately 
impaired relative to other memory faculties in patients, whereas Palmer et al. (2010) showed 
visual memory to be differentially impaired, over and above some commonplace deficits 
considered characteristic of schizophrenia (i.e., working and episodic memory). Importantly, 
Palmer et al. (2010) conducted intra-patient comparisons which account for patient 
heterogeneity by assessing the cognitive deficits of each patient against a normal comparison 
group. While this analysis may give their data additional credence, replicable findings are 
necessary in this area in light of the substantial body of work showing working and/or 
episodic memory deficits (Cannon et al., 2005; Girard et al., 2010; Grillon et al., 2009; 
Leavitt & Goldberg, 2009; Nieto & Castellanos, 2011; Wang et al., 2010).    
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 This is likely to be true for all individuals given that recall is intrinsically more difficult without the memory 
cues provided during recognition tasks. 
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More recently evidence has suggested that reduced processing speed may underlie the 
impairments shown in verbal and visual memory in patients. For instance, a regression 
analysis has implicated processing speed in both the superficial and deep encoding required 
for memory tasks (Brebion et al., 2011).  Slowed information processing is characteristic of 
the disorder and is likely implicated in most aspects of cognition (see Section 3.6.7: 
Processing Speed). The contribution of this deficit to memory impairment in schizophrenia, 
however, requires much further investigation.  
Finally, functional neuroimaging has provided additional indication of impairment by 
offering disparate brain-based correlates of memory function in patients. First, Ehrlich et al. 
(2011) reported the differential activation of brain regions in patients during the recall and 
manipulation of verbal working memories. Verbal working memory was associated with 
cortical thickness in the lateral prefrontal cortex in controls, yet for patients the right middle 
and superior temporal lobe regions were active (Ehrlich et al., 2011). Second, graded 
activation of the medial frontal cortex and right precuneus in response to memory load has 
been reported in individuals at different stages of the theorised continuum of psychosis. 
Broome et al. (2010) demonstrated that first episode patients showed the least amount of 
activation, followed by psychosis-prone individuals, and finally healthy controls with the 
most activation, especially during the most demanding level of the memory task. Last, 
decreased cingulum bundle (i.e., association fibres allowing for limbic system 
communication) integrity has been linked to working memory in schizophrenia (Kubicki et 
al., 2009; Nestor et al., 2010). This evidence of disrupted connectivity, along with attenuated 
and disparate activation in patient samples, may at least partially explain memory deficits 
illustrated in the literature.  
3.4.2 Semantic memory. 
 Semantic memory refers to memory for general, factual, and conceptual information. 
The term semantic memory was originally used to describe memory for language (e.g., 
meanings of words), as distinguished from memory for personally experienced events (i.e., 
episodic memory) (Tulving, 1972). Subsequent theorisation and experimentation extended 
the concept to include knowledge of facts (including language), objects, information about 
the self (i.e., personal semantic memory), complex social rules (i.e., schemas, frames, and 
scripts), and abstract theoretical and moral concepts (Tulving, 1983, 1985). As such, 
semantic memory is currently conceptualised as the system by which cognitive 
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representations of this information are stored and linked according to their meaning 
(Baddeley, 1990; Surprenant & Neath, 2009).  
 The semantic memory store is currently considered to incorporate cognitive 
representations by way of a hierarchical network of interconnected concepts (Collins & 
Loftus, 1975; Collins & Quillian, 1969; McClelland, 1981; McClelland & Rumelhart, 1985; 
Quillian, 1967, 1969). According to network models of semantic memory, a link (i.e., mental 
pathway) between concepts represents a meaningful relationship (Hollan, 1975). 
Meaningfully related concepts are stored closer together in semantic memory than less related 
or unrelated concepts (Hollan, 1975), and this meaning is accumulated via experience and 
semantic associations (Baddeley, 1990; Baddeley, Eysenck, & Anderson, 2009; Collins & 
Loftus, 1975; McClelland, 1981; McClelland & Rumelhart, 1985). For example, the concept 
fish is associated with particular items of knowledge relating to its defining features, such as 
having gills, fins, and an elongated body covered with scales, as well as its characteristic 
behaviours, such as being able to swim. Fish is also linked upwards to the superordinate 
category of aquatic animals, and upwards again to animals, as well as downwards to specific 
examples of fish, both typical, such as tuna and salmon, and atypical, such as seahorse and 
mudskipper. Similarly, the examples of fish are linked to more specific subordinate 
information (e.g., bluefin tuna, Atlantic salmon, etc.). Concepts such as bait, boat, farm, and 
ocean are also related to fish, however, the location of these concepts in the semantic memory 
network relative to fish varies (i.e., semantic distance varies). This interconnected network of 
horizontal and vertical semantic associations provides the concept fish with its meaning (see 
Figure 3.7a). 
The spreading-activation theory of semantic processing introduced by Collins and 
Loftus (1975) is prominent in the literature. Based on the network model of memory, they 
explained consciousness of the contents of semantic memory as the result of activation and 
interaction of interconnected concepts (see McClelland, 1981; McClelland & Rumelhart, 
1985, for connectionist model of memory). Stimuli activate related concepts and this 
activation propagates through the semantic memory network to other concepts via excitatory 
or inhibitory, and direct or indirect, connections (Anderson, 1983; Collins & Loftus, 1975; 
McNamara, 2005). The extent to which adjacent concepts become activated is proportional to 
the semantic distance from the initiating concept (Anderson, 1983; Lorch, 1982; McNamara, 
2005). For instance, the word tuna would rapidly activate the concept fish and its related 
features, alternative examples of fish (i.e., seahorse) would be activated to a lesser extent, and 
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unrelated concepts (i.e., car) not at all. Thus, spreading activation allows the most salient 
features associated with a particular concept to be accessed and retrieved from semantic 
memory in a timely manner (Lorch, 1982; McNamara, 2005), and this is vital for accurate 
and efficient comprehension and interaction with the world.  
3.4.3 Semantic priming. 
 The structure and integrity of the semantic memory network is typically investigated 
using the semantic priming paradigm. Differentially related, paired stimuli (e.g., words and 
nonwords for the lexical decision task) are presented for brief periods and in rapid succession 
over numerous trials. Pairs consist of a prime followed by a target stimulus, and participants 
are required to read the prime and then indicate whether the target is a word or a nonword 
(see Figure 3.8).  It is well established that responses are faster and more accurate to targets 
preceded by a semantically related prime, relative to targets preceded by an unrelated prime 
(Perea, Gotor, & Nacher, 1997; Sperber, McCauley, Ragain, & Weil, 1979), referred to as the 
semantic priming effect. 
The priming effect thereby aligns with the hierarchical model of memory and 
spreading activation theory of semantic processing (Anderson, 1983; Collins & Loftus, 1975; 
McNamara, 2005). An initiating stimulus activates a particular item of knowledge and this 
activation propagates to, and therefore primes, related concepts. If one of these partially 
activated related concepts appears as a target stimulus, the prior activation (i.e., priming) will 
facilitate its retrieval from memory, resulting in a faster and more accurate response (Lorch, 
1982; McKoon & Ratcliff, 1992). Spreading activation within the network is theoretically 
rapid and automatic, and therefore contributes to the semantic priming effect chiefly when the 
time between prime and target stimuli is short (Neely, 1977; Posner & Snyder, 1975; Rossell, 
Price, & Nobre, 2003). 
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Figure 3.8. Schematic of the speeded lexical decision semantic priming task. Example prime-target 
word pairs are shown across three categories: related, unrelated, and nonwords. A fixation cross (500 
ms) is presented followed by a prime (200 ms), interstimulus interval (ISI; 50 or 500 ms) and target 
(200 ms). Participants decide if the target is a word or nonword (lexical decision). Lexical decision 
responses are typically faster and more accurate when the target is semantically related to the prime. 
Short stimulus onset asynchronies (SOAs; i.e., the time from presentation of the prime to presentation 
of the target; e.g., 250 ms) are thought to capture automatic processing, whereas long SOAs (e.g., 750 
ms) allow for controlled processing. 
 
At least two other processes may contribute to the semantic priming effect: semantic 
expectancy and semantic matching (Neely, 1991; Neely, Keefe, & Ross, 1989). Expectancy 
refers to a pre-lexical, controlled process
19
 by which individuals actively generate a set of 
expected target items (e.g., semantically or associatively related words) in response to the 
prime (McNamara, 2005; Neely, 1977; Posner & Snyder, 1975; Shiffrin & Schneider, 1977). 
Using the established example, in response to the prime ‘fish’, expected targets such as 
‘ocean’, ‘gills’,’fins’ and ‘tuna’, among others, may be activated. These concepts are partially 
activated (i.e., primed), and thus, if one of them appears as the target its retrieval is facilitated 
(i.e., the semantic priming effect is shown) (McNamara, 2005). By contrast, if one of these 
expected concepts does not appear as the target then processing of information outside the 
expectancy-generated set will be required, and semantic processing may subsequently be 
inhibited (McNamara, 2005; Morgan, Bedford, & Rossell, 2006).  
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 The process of semantic expectancy is most relevant to situations where there is a long interval between 
stimuli because controlled processing is temporally demanding (Shiffrin & Schneider, 1977). 
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Semantic matching is a post-lexical process involving the detection of semantic 
relationships between prime and target words (Balota, Black, & Cheney, 1992; Lorch, Balota, 
& Stamm, 1986; McNamara, 2005). Responses during a lexical decision task may be 
facilitated where the identification of a semantic relationship provides an immediate 
indication that the target must be a word (rather than a nonword). Likewise, failure to detect a 
relationship may be facilitatory where the target is a nonword. However in circumstances 
where the target is a word but a semantic relationship has not been detected responses are 
likely to be inhibited (Chwilla et al., 1998; McNamara, 2005). Automatic spreading of 
activation, semantic expectancy, and semantic matching are together considered key 
underlying processes of the semantic priming effect. 
3.4.4 Research in schizophrenia: Semantic memory abnormalities. 
As discussed in section 3.3.2 Fluency, Memory Structure and Strategy, abnormalities 
in the semantic memory store have been hypothesised in response to poor performance on 
verbal fluency tasks by patients with schizophrenia. Research has also sought to investigate 
this hypothesis directly and shown semantic deficits across a wide variety of tasks, including 
categorisation (Chen, Wilkins, & McKenna, 1994; Rossell & David, 2006), sentence 
verification (Rossell, Shapleske, & David, 1998), semantic fluency (Rossell et al., 1999), 
semantic priming (Rossell, Shapleske, & David, 2000), and detection of word associations 
(Rossell & David, 2006). As such, semantic memory abnormalities are predicted to underlie 
the disturbances in thought and language observed in people with schizophrenia (e.g., thought 
disorder; Gouzoulis-Mayfrank et al., 2003). Furthermore, semantic memory abnormalities 
may underlie the deficits observed in other cognitive domains (e.g., reasoning; Joyce, 
Collinson, & Crichton, 1996), as well as provide a cognitive explanation for other symptoms 
of schizophrenia, such as delusions (Rossell et al., 2010; Rossell et al., 1999). 
 Also mentioned previously, there continues to be contention in the literature 
regarding hypothesised deficits in the access/retrieval of stored concepts, and/or the 
idiosyncratic semantic organisation of the network. Both hypotheses have been used to 
explain poor performance on semantic memory tasks (Allen & Frith, 1983; Aloia, 
Gourovitch, Weinberger, & Goldberg, 1996; Elvevag et al., 2001; Rossell et al., 2010; 
Rossell & David, 2006). However, recent research has suggested that the idiosyncratic 
storage of semantic information may provide a basis for the development and maintenance of 
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delusions in schizophrenia and in other disorders (see Figure 3.7c, Figure 3.9, and Rossell et 
al., 2010 for full discussion).  
 
Figure 3.9. Schematic of hypothetical formation and maintenance of delusional beliefs, adapted from 
Rossell, Batty & Hughes (2010). 
 
As with the empirical literature investigating perceptual organisation and verbal 
fluency, priming investigations have also shown inconsistencies. Minzenberg, Ober, and 
Vinogradov (2002) reviewed 23 “single-word” semantic priming studies and found that 
increased, normal, and reduced semantic priming has been shown in patients to date. 
Interestingly however, the variation was confined to semantic priming effects investigated at 
short onset asynchronies (SOAs; i.e., the time from presentation of the prime to presentation 
of the target, for example, 250ms), which are considered to capture automatic processing. 
The seven studies using long SOAs (e.g., 750ms) consistently reported poor performance 
from patients, suggesting significant impairments in controlled semantic processing in 
schizophrenia. 
Research involving schizophrenia patients with thought disorder complicate matters 
further. Approximately half report an association between thought disorder and increased 
semantic priming, whereas the other half report an association between thought disorder and 
decreased semantic priming. Manschreck et al. (1988) illustrated semantic priming in chronic 
schizophrenia patients with and without thought disorder at a short SOA (i.e., 250ms). 
Interestingly, healthy controls and patients without thought disorder performed comparably 
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(i.e., reaction time priming effects of 37ms and 36ms, respectively), whereas the 
schizophrenia patients with thought disorder showed a significantly greater degree of 
semantic priming (i.e., 83ms). Of note however, the thought disordered patients showed 
faster reaction times to both semantically related and unrelated words, suggesting that the 
observed facilitation may not have been related to the semantic properties of the prime. 
Instead, the faster reaction times may be better explained by an alternate hypothesis in the 
literature, that is, a theorised wider and less discriminate spreading of activation to other 
concepts in semantic memory (see Niznikiewicz et al., 1997; Niznikiewicz, Spencer, 
Salisbury, & McCarley, 2004). 
3.4.5 Methodological concerns. 
Concerns have been raised in the literature regarding the influence of a number of 
variables, including SOA, the calculation of reaction time effects, and, most commonly, 
artefacts characteristic of patient populations (e.g., such as slowed processing speed, already 
discussed). For example, a further meta-analysis incorporating thirty-six studies reported that 
semantic priming effects are moderated by both short and long SOAs, as well as the general 
slowing of reaction times (Pomarol-Clotet, Oh, Laws, & McKenna, 2008). On the other hand, 
research in schizotypy (effectively removing the influence of confounding symptomatology 
such as slowing) has revealed decreased semantic priming at the short SOA only (Morgan, 
Bedford, & Rossell, 2006). The findings from Morgan et al. (2006) highlight the potential for 
artefact when symptomatic patient populations are investigated. Certainly the relevance of 
automatic and controlled processing, that is believed to be captured by short and long SOAs 
respectively, remains largely unclear. Both SOA-based meta-analyses reviewed here have 
reported inconsistencies across findings, especially with regard to patient differences at the 
short SOA.  However, it is imperative to acknowledge that these meta-analyses have 
incorporated studies with inconsistent definitions of a “short” and “long” SOA, and with 
unique patient groups that were invariably experiencing different sets of symptoms at the 
time of testing. This is problematic because there is no clear distinction in milliseconds 
between automatic (i.e., short SOA) and controlled (i.e., long SOA) processing, and a short 
SOA of 64ms for instance, (i.e., Passerieux et al., 1995) may be very different from a short 
SOA of 260ms (i.e., Ober, Vinogradov, & Shenaut, 1997) in terms of cognitive processing. 
Yet these studies were compared head to head in Minzenberg et al. (2002). Given that 
controlled processing is more likely to be state rather than trait related, it also stands to reason 
that controlled processing would be affected by current symptom profile. For instance, a 
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patient with prominent negative symptoms is likely to be slower in their response time than 
one without negative symptomatology. Much further work that systematically controls for 
such confounds is needed in this area. 
In addition, early semantic priming studies calculated the semantic priming effect as 
the difference in reaction times to unrelated versus related stimuli (McNamara, 2005). 
However, this yields spuriously large values for patient semantic priming effects. For 
instance, if group A obtained average reaction times of 600ms and 540ms, and group B 
obtained average reaction times of 750ms and 675ms, for the unrelated and related 
conditions, respectively, the priming effect would be calculated as 60ms for group A and 
75ms for group B, which suggests greater semantic priming for group B. Yet, the 
proportional reduction in reaction time across groups A and B is the same (i.e., 10%), and 
thus, no group differences in priming are actually shown. As such, some literature may 
erroneously report greater semantic priming in patients relative to controls (McNamara, 2005; 
Niznikiewicz et al., 2004). Spitzer, Braun, Maier, Hermle, and Maher (1993) examined direct 
(e.g., doctor-nurse) and indirect (i.e., word pairs that are connected via a mediating 
associated word; e.g., black-white-chalk) semantic priming effects in patients with and 
without thought disorder and healthy controls. Using a lexical decision task they showed 
greater semantic priming in schizophrenia patients with thought disorder at a short SOA (i.e., 
200ms; trend level) and long SOA (i.e., 700ms; significant). However Spitzer et al. (1993) 
noted that group differences had been inflated due to the traditional calculation method. 
When the effect was recalculated as the percentage reduction in reaction time from the 
unrelated condition to the related condition the differences were no longer significant at 
either SOA (Spitzer et al., 1993).  
 Finally, in a review from Rossell and Stefanovic (2007) two additional 
methodological concerns were highlighted: relatedness proportion and the relationship type 
between prime and target stimuli. Relatedness proportion refers to the percentage of related 
prime-target pairs relative to all prime-target pairs (including pairs with nonwords), and 
relationship type refers to direct versus indirect word relationships (defined previously). 
Rossell and Stefanovic (2007) revealed that lower relatedness proportions result in reduced or 
normal semantic priming in individuals with schizophrenia, whereas higher relatedness 
proportions result in increased semantic priming, presumably because participants become 
aware that prime-targets are related in meaning. Interestingly, indirectly related word pairs 
(i.e., such as black-chalk, related by the mediating word, white) typically increase semantic 
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priming in schizophrenia (Rossell & Stefanovic, 2007). This trend may reflect existing 
hypotheses in the literature such as increased idiosyncratic storage in schizophrenia and/or 
the wider activation of concepts following the presentation of a prime. Of course much 
further work is needed to confirm these speculations (see Rossell & Stefanovic, 2007, for 
review). 
 In sum, while semantic memory deficits are well established in the literature the 
manifestation of these deficits as captured by the semantic priming paradigm are less clear. 
Despite substantial research in priming, the influence of patient-related characteristics (i.e., 
such as the effects of medication, as well as other influences related to the disorder, such as 
slowed processing) have not been adequately elucidated. In addition, parameters of the 
priming task itself (i.e., SOA), along with the calculation of recorded effects, have been 
shown to mediate results and accordingly warrant careful attention in study designs. 
3.5 Probabilistic Reasoning  
3.5.1 Reasoning with beads and the Jumping to Conclusions (JTC) bias. 
To “jump” to a conclusion is the act of making a decision based on “insufficient” or 
poor evidence (Garety & Freeman, 1999; Langdon, Ward, & Coltheart, 2010). As early as 
Jaspers (1913, as cited in Huq, Garety, & Hemsley, 1988) faulty reasoning and judgments by 
patients were posited in the development and maintenance of delusional beliefs. Given that a 
delusion is defined in the DSM-IV (APA, 1994) as “a false belief based on incorrect 
inference about external reality that is firmly sustained despite what almost everyone else 
believes and despite what constitutes incontrovertible and obvious proof or evidence to the 
contrary” (p. 765, emphasis added), reasoning biases in the development of delusional beliefs 
are already theoretically implicated. Indeed, when required to collect information before 
making a decision, patients with delusions have been shown to request less information than 
healthy control groups before reaching a confident judgement (Averbeck, Evans, Chouhan, 
Bristow, & Shergill, 2010; Lincoln, Ziegler, Mehl, & Rief, 2010). This was most famously 
shown by Huq et al. (1988) with the use of their now classic probabilistic inference (or 
“beads”) task.20  
The task was developed using a framework of Bayesian probability and hypothesis (or 
belief) testing; a formal approach to probabilistic inferences when the information is based on 
                                                          
20
 The Probabilistic Inference Task was actually initially conceived by Phillips and Edwards (1966) using poker chips. 
 70 
knowledge/beliefs rather than frequency statistics alone. In essence, Bayesian theorem 
provides a model of logical inferential style against which clinical populations can be 
compared. Correct/incorrect conclusions are assessed in light of an existing belief and the 
adjustment of that belief according to new information. Replicated from Huq et al. (1988, 
p.803), the stages involved in probabilistic and belief testing according to a Bayesian 
framework are as follows; 
1. the identification of the data sources that are most useful for discriminating 
between competing hypotheses;  
2. the assessment of the implications of an observed datum vis-à-vis the truth of 
competing hypotheses; 
3. an aggregation of the implications of different data with an overall appraisal of the 
relative likelihood of the truth of the hypothesis; 
4. the selection, based on that appraisal, of the appropriate course of action 
 
The Huq et al. (1988) beads task sought to assess this model in deluded relative to 
nondeluded patients. It consisted of eight jam jars, organised into four pairs. Each jar 
contained 100 beads of two different colours at a ratio of 85:15. Each pair contained the same 
colours, but these were complementary in ratio. For example, Jar A contained 85 pink beads 
and 15 green, whereas Jar B contained 85 green beads and 15 pink (see Figure 3.10). Each 
set was identical except for the colours used. A bead is drawn from one of the two jars (blind 
to the participant) and then returned to the same jar and another is drawn. The sequence of 
bead colours is predetermined according to the 85:15 ratio however participants are under the 
impression that beads are drawn randomly. Initially, either jar is equally as likely to be 
chosen, and thus, the probability is 50:50.  The participant is to decide which jar the beads are 
being drawn from based on the ‘random’ selection of colours, while keeping the jar’s ratio in 
mind. Huq et al. (1988) administered four conditions. Condition one required participants to 
request another bead be drawn until they thought they had determined which jar the beads 
were coming from. Condition two was identical, except that participants were also required to 
estimate the probability of a particular colour being drawn before each draw. In condition 
three, participants were first shown the drawn beads and then asked to indicate, at each draw, 
the probability that this bead had come from one, and then the other, jar. Condition four 
combined conditions two and three. Subsequent studies manipulated task difficulty by adding 
other various bead ratios to their protocol, such as 60:40, 75:25, and 90:10 ratios (e.g., 
Dudley, John, Young, & Over, 1997; Young & Bentall, 1997). 
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Figure 3.10. Example of stimuli commonly used in Probabilistic Reasoning tasks. Ratio 85:15 is 
shown in the foreground (pink and blue beads). Ratio 60:40 is shown in the background (red and 
yellow beads).  
 
Huq et al. (1988) showed that their deluded patients requested the least amount of 
draws to decision (i.e., on average 2.22) and had higher levels of certainty attached to their 
decision compared with the other two groups. Their healthy controls had the next least 
amount of draws to decision, with nondeluded patients being the most conservative in their 
judgements. The response pattern recorded by Huq et al. (1988) is therefore inconsistent with 
the theorised continuum of psychopathology, where healthy controls exist at one end and 
chronic psychotic patients at the other (see van Os et al. [2009] for discussion on the 
psychosis continuum; Badcock & Dragovic, 2006; Johnstone, Gleeson, & Rossell, 2009). In 
fact, according to the Bayesian model, the data recorded by Huq et al. (1988) actually 
identified the deluded patients as most ‘rational’ on both accounts; draws to decision and 
initial certainty
21
, and the other two groups as overconservative in their decision making.   
3.5.2 Reasoning anomalies? 
There are robust discussions of probabilistic reasoning impairment in the literature 
(e.g., Dudley & Over, 2003; Garety & Freeman, 1999; McKay, Langdon, & Coltheart, 2007). 
It remains unclear whether the JTC bias reflects impairment in probabilistic reasoning 
abilities, or alternatively, a general data gathering bias such as a lowered threshold for 
decision making. Of course, the bias may result from the separate, or combined, effect of 
these anomalies. Notwithstanding altered performance on the beads (or “probabilistic 
reasoning”) task, however, there is actually very little evidence for an underpinning 
                                                          
21
 This is because 2.22 draws equates to the first two beads on any given trial, and these were always the same 
colour. As such, the objective probability that the bead had been drawn from the jar containing 85 beads of 
that colour is actually 97%, and thus, represents a rational decision.  
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disturbance in reasoning per se.  For example, even in Huq et al.’s (1988) original study the 
higher estimates of probability made by the deluded group were not statistically different 
from the responses of the comparison groups. Furthermore, the conceptualisation of 
reasoning anomalies in schizophrenia is actually in conflict with Maher’s (1974) well-known 
hypothesis for the formation and maintenance of delusions.  As mentioned in Section 3.2.2 In 
Schizophrenia: A History, Maher (1974) argued that patients suffer primarily from perceptual 
anomalies that are rationalised through normal cognitive mechanisms. Maher’s (1974) theory 
thus relies on intact reasoning abilities. In fact, Maher (1992) countered hypothesised 
reasoning anomalies with the argument that Bayes theorem identifies the JTC bias in patients 
as inherently rational (explained in Section 3.5.1 Reasoning with beads and the Jumping to 
Conclusions (JTC) bias).  
An explicit assessment of probabilistic judgement/inference is also rarely taken by 
those who have replicated Huq et al.’s methodology (1988). A review from Garety and 
Freeman (1999) showed that only one of seven studies had asked participants for a 
probability estimate, and the study that did (i.e., Peters, Day, & Garety, [1997]), did not 
report the result. Probability estimates may complement performance on the beads task and 
thereby provide an additional indication of the reasoning capacities of patients. However, 
without supplementary evidence of this or any other kind a patient’s altered performance on 
the task is often taken as a sufficient indication of underlying reasoning impairment.  
Similarly, given that the decision is theoretically based on the ratio of beads in the jar, 
the level of certainty expressed by patients once they have made their decision (zero to one 
hundred per cent) may provide a further indication of their reasoning capacities. However, 
this too is rarely tested and/or reported (e.g., Averbeck et al., 2010; Colbert & Peters, 2002; 
Lincoln et al., 2010; van Dael et al., 2006; Woodward, Munz, LeClerc, & Lecomte, 2009), 
and where certainty level has been reported the pattern is inconsistent (e.g., Langdon et al., 
2010; McKay, Langdon, & Coltheart, 2006; 2007). For instance, Langdon et al. (2010) found 
no differences in the level of certainty attached to each draw by deluded versus nondeluded 
patients, yet in spite of this the response pattern of the groups varied significantly. Other 
studies have demonstrated both reduced confidence in patients compared to controls (McKay 
et al., 2007) and greater confidence in those with higher delusion-proneness (McKay, 
Langdon, & Coltheart, 2006). Figure 3.11 presents an example of the extreme tendency of 
one patient to shift in confidence level based on the new information provided by one bead. 
This is an example of the kind of pattern expected to be shown by patients should they have 
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an underlying deficit in reasoning. Because of the aforementioned limitations in the existing 
literature it is impossible to say just how closely patients illustrate a pattern of this kind. 
Given the tendency for a lack of group differences however, (such as in Huq et al. [1988] and 
McKay et al. [2007]), the available data would suggest that a pattern like the one shown in 
Figure 3.11 represents a pronounced exception, rather than the norm.  
 
Figure 3.11. Certainty ratings from trials 1 to 20 on the Probabilisitc Reasoning task for one of the 
most extreme patients and a cautious healthy control. Taken from Langdon et al. (2010).  
 
 While it is true that reasoning is likely to feature in the decision making required by 
the JTC task, Averbeck et al. (2010), along with Moritz, Woodward, and Lambert (2007), and 
Moritz et al. (2009), have proposed a “lowered threshold” or “liberal acceptance” hypothesis 
as an explanation for patient response patterns. These authors hypothesise that, instead of 
reasoning deficiencies per se, patients require less information to reach confidence in data 
gathering, assessment, and belief formation (see Figure 3.12). This lowered threshold is 
hypothesised as an underlying cognitive mechanism of the disease.  
According to Averbeck et al. (2010) this provides a better explanation of reasoning 
behaviour in schizophrenia. Their patients illustrated problems on a second decision making 
task that required them to incorporate positive and negative feedback into their choices, but 
did not involve probability-based reasoning. A JTC bias was shown in patient choices, as 
well as a reduced tendency to adjust their decisions in response to positive feedback. In fact, 
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these were related, where those who adjusted the least in response to feedback also made the 
earliest decisions on the beads task. Data of this nature supports a more general deficit in 
decision making behaviour in schizophrenia.  
 
 
Figure 3.12. Bayesian belief estimates of an ideal observer, and two possible hypotheses for why 
patients jump to conclusions; either i) they make their decision based on a lowered threshold, or ii) 
they believe more strongly than they should on the basis of limited feedback. Dashed lines indicate 
the threshold; solid lines indicate belief estimates for a sequence of six beads in the same colour (e.g., 
six pink beads drawn in a row). Red lines indicate hypotheses for patient performance; blue lines 
indicate possible control values. Taken from Averbeck et al. (2010).  
 
On the other hand, Lincoln et al. (2010) reasoned that the lack of salience attached to 
the original beads task made it impossible to judge the decisions made by patients as 
premature. The authors increased the relevance of the patients’ decision by incorporating a 
financial loss/gain to their choice and hypothesised that if the observed JTC bias is not 
primarily a reflection of inefficient probabilistic reasoning, then patients should be able to 
incorporate positive and negative feedback (i.e., motivated by a potential loss/gain) and 
adjust their choice accordingly. Unlike the data from Averbeck et al. (2010), patients showed 
the hypothesised adjustments to their decisions according to feedback provided by the 
researchers. However, the JTC bias was evident in patient responses until the effect of 
intelligence and negative symptoms were accounted for in analyses. Van Dael et al. (2006) 
have reported the same mediators, although Langdon et al. (2010) indicated that the bias was 
not attributable to intelligence or memory in their dataset. Again, the importance of 
accounting for a range of mediating factors inherent in patient populations is illustrated here.  
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3.5.3 Neurocognitive underpinning. 
Some efforts have been made to place the JTC bias alongside other theoretical 
explanations for delusion formation in an attempt to identify a common neurocognitive 
template in patients. It has been proposed elsewhere that patients are unable to appreciate the 
mental states of others; a “theory of mind” (ToM) deficit (Corcoran, Mercer, & Frith, 1995; 
Frith, 1992; Frith & Corcoran, 1996), and that they display an attributional style that is self-
serving (i.e., “self-serving bias”), which refers to the explanation given to life events. That is, 
patients with delusions are more likely to attribute a negative event to a source other than 
themselves (Aakre, Seghers, St-Hilaire, & Docherty, 2009; Bentall, Kinderman, & Kaney, 
1994; Moritz et al., 2010). These can all be considered reasoning anomalies of some kind, 
and some research has logically sought to determine whether they overlap in patients to 
provide a platform for the formation and maintenance of delusions (Garety & Freeman, 1999; 
Langdon et al., 2010; Moritz et al., 2010).  
There is some face validity for all three, particularly in paranoid/persecutory 
delusions: i) less evidence is required for a belief to be accepted (i.e., JTC bias); ii) an 
inability to appreciate the perspectives/feelings of others allows for a “fill in the gaps” 
approach regarding their motivations and thoughts (i.e., ToM deficit); iii) attributing events to 
external sources, especially other people, is easily theoretically aligned with persecution (i.e., 
attributional style). To date, it appears that cognitive mechanisms for delusions only partially 
overlap. JTC and attributional style tend to be revealed as independent mechanisms (Langdon 
et al., 2010; Moritz et al., 2010), while ToM and JTC have been shown to be related in 
correlational analyses (Langdon et al., 2010), but independent in principal component 
analyses (Woodward, Mizrahi, Menon, & Christensen, 2009). Additionally, Woodward, 
Mizrahi et al. (2009) found that the biases related only to negative symptoms, whereas 
Langdon et al. (2010) reported significant correlations between JTC and ToM biases, but not 
attributional biases, in delusion prone individuals (although the self-serving bias was 
associated with paranoia). Garety and Freeman’s (1999) review concluded that none of the 
three anomalies had unequivocal support in the literature. More than a decade on, this appears 
to remain an accurate reflection of the existing literature. 
3.5.4 Delusions versus schizophrenia. 
While, theoretically, the link between reasoning biases and delusion formation is 
intuitive, it is also still unclear whether the bias is specific to, or more pronounced in, patients 
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with delusions, or an epiphenomenon of schizophrenia generally. There are suggestions that 
the bias is related to i) the formation of delusions (e.g., Bentall & Taylor, 2006; Freeman, 
2007; Lincoln et al., 2010), ii) the severity of the delusion (e.g., Woodward, Munz et al., 
2009), iii) the type of delusion, especially persecutory (e.g., Bentall & Swarbrick, (2003), 
although this is disputed by McKay et al. [2007]), iv) the maintenance of the delusion (e.g., 
Dudley & Over, 2003), and v) a stable characteristic in patients who develop delusions 
(McKay et al., 2006). Those who score highly on measures of delusion proneness illustrate 
signs of the bias (Colbert & Peters, 2002; Linney, Peters, & Ayton, 1998; Warman, Lysaker, 
Martin, Davis, & Haudenschield, 2007). In contrast, both Young and Bentall (1997) and 
Colbert, Peters, and Garety (2010) failed to find a JTC bias in patients with delusions, current 
or remitted. Another study found no differences between delusional and nondelusional 
patients, yet a clear JTC bias was shown by these patients as a group (Menon, Pomarol-
Clotet, McKenna, & McCarthy, 2011). Taken together, this data instead suggests that the bias 
may exist as an epiphenomenon of schizophrenia (Averbeck et al., 2010; Menon et al., 2006; 
Moritz et al., 2007; Woodward, Mizrahi et al., 2009). Signs of the JTC bias have also been 
shown in healthy first degree relatives of schizophrenia patients, implicating heritability (van 
Dael et al., 2006). Accordingly, such data supports a trait (i.e., schizophrenia proper, 
including proneness) rather than state (i.e., currently deluded) association.  
Of course patient and control comparisons need to be considered carefully. In 
Averbeck et al. (2010), for instance, the influence of clinical variables were not explored 
within their patient group (i.e., deluded versus nondeluded patients). As such, it is unknown 
whether their data is evidence of a general cognitive characteristic in schizophrenia, or 
specific to delusions but masked by the patient group analysis. This is especially relevant 
given that the mean PANSS positive score was quite high for their sample (M =13.6, SD 
=5.9). Moreover, the established influence of intelligence in existing data (e.g., Lincoln et al., 
2010; van Dael et al., 2006) suggests that it would have been fruitful to determine the IQ 
effect in Averbeck et al.’s (2010) dataset. While a measure of IQ was taken for their sample, 
highlighting the usual tendency for a reduced mean IQ in patients relative to controls, this 
data was not subjected to analyses. These factors would need consideration across all existing 
datasets. 
In summary then, the existing work has been unable to provide a definitive conclusion 
about the nature of the JTC bias in schizophrenia. Reasoning anomalies are clearly shown, 
but the underlying impairment, whether particular to probabilistic reasoning, part of a set of 
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wider reasoning impairments, or perhaps a lowered threshold for decision making, is unclear. 
There is evidence both for and against a delusion-specific and schizophrenia-in-general 
impairment, and to date these are lacking in comparable and thorough analyses that account 
for common influential factors such as intelligence.  
3.6 Executive Function  
3.6.1 Executive dysfunction.  
Executive functioning (often referred to as “higher order functioning”) is a broad term 
used to describe cognitive processes involving control, flexibility, inhibition, regulation, 
planning, and execution of goal-oriented behaviour (Zayat et al., 2011).  Neuroimaging has 
indicated that the executive processes involve abilities mediated by frontal areas generally, 
and the prefrontal cortex specifically (Fuster, 2008; Robbins, Weinberger, Taylor, & Morris, 
1996). Deficient executive abilities are well established in schizophrenia (Evans, Chua, 
McKenna, & Wilson, 1997; Morice & Delahunty, 1996).  Similar to other cognitive domains, 
deficits are also apparent during first episode psychosis (Hutton et al., 1998), in first degree 
relatives (Groom et al., 2008), and in schizotypal personality types (Laws, Patel, & Tyson, 
2008). A number of measures have been used to capture aspects of executive function, with 
the most typical being the Digit Symbol Substitution Test (Lezak, Howieson, & Loring, 
2004) or Digit Symbol Coding Test from the Wechsler Adult Intelligence Scale – III (WAIS-
III; Wechsler, 1955; 1997), the Trail Making Test (TMT; Reitan & Wolfson, 1985), and the 
Stroop test (Stroop, 1935). Discussion pertaining to mental inhibition and switching, 
attention, and processing speed follows. Note that these executive abilities, especially 
attention and processing speed, have been found to influence the measurement of the other 
cognitive domains already reviewed in this chapter. Moreover, the executive abilities 
themselves are generally considered to be interlinked, made evident by tasks that capture 
more than one faculty (e.g., such as the Trail Making Test that measures both processing 
speed and mental switching).  
3.6.2 Mental inhibition and switching. 
Inhibition refers to the wilful suppression of automatic responses (Manoach et al., 
2002). Patients with schizophrenia have illustrated comparably less control over prepotent 
responses on a range of tasks, including, stroop interference (explained in detail below) 
(Barch, Carter, & Cohen, 2004; Henik & Salo, 2004), prepulse inhibition (PPI) of the 
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acoustic startle response, shown both in schizophrenia (Braff, 2010; Braff, Geyer, & 
Swerdlow, 2001) and psychosis-proneness (Kumari, Antonova, & Geyer, 2008), and 
antisaccades (i.e., the wilful inhibition of reflexive movement of the eye toward a stimulus in 
the periphery) (Fukumoto-Motoshita et al., 2009; Kang, Dionisio, & Sponheim, 2011). 
Task switching is the change from one attentional focus and/or behaviour to another 
in response to task demands, and requires significant cognitive flexibility (Manoach et al., 
2002; Smith et al., 1998). Empirical research has shown that task switching abilities are also 
deficient in schizophrenia, at least as early as first episode, and generally culminate in 
delayed response times and increased errors (Hermens et al., 2010; Ravizza, Keur Moua, 
Long, & Carter, 2010; Smith et al., 1998; Wylie, Clark, Butler, & Javitt, 2010).  This is 
especially true where contextual information is important, such as adherence to the changing 
rules/goals of a task (Ravizza et al., 2010). Switching impairments have also been shown 
neurophysiologically in patients at the P3a, an event related potential (ERP) index of early 
attention switching (Fisher, Labelle, & Knott, 2010).  
3.6.3 The colour Stroop paradigm. 
Current colour Stroop paradigms assess both cognitive inhibition and switching. The 
Stroop task typically involves three conditions: (i) a congruent speeded trial which serves as a 
control task for the participant’s ability to identify colour (i.e., the word ‘red’ written in the 
colour ‘red’ (Barch et al., 2004), or patches of colours where the participant is required only 
to name the colour); (ii) a neutral word trial (i.e., words of colours written in black ink) which 
serves as a control task for the participant’s ability to read the words 22; and (iii) the 
incongruent task where colour and word are in conflict (Barch et al., 2004; MacLeod, 1991). 
Words of colours written in incongruent ink colour are presented (i.e., the word ‘red’ written 
in the colour blue, the word ‘blue’ written in the colour green, and so on, see Figure 3.13c), 
and participants are to name the colour of the ink and ignore the word under time pressure.  
To do this, they must inhibit the prepotency of word reading over ink colour naming. The 
control conditions also serve as measures of attention and processing speed. Cognitive 
inhibition (or Stroop Interference control) on the incongruent condition is calculated against 
                                                          
22
 Some studies instead use noncolour words written in colour ink as the neutral condition, such as ‘dog’ written in the 
colour red, where participants are to name the colours (i.e., Barch et al., 2004). This condition instead retains the colour 
paradigm but is neither congruent nor incongruent, and is likely to be used when investigators are interested in looking at 
a measure of Stroop facilitation, the subtraction of ‘congruent’ trial reaction times (RT’s) from ‘neutral’ trial reaction times.  
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these control conditions (see Appendix C for calculation) (Albus et al., 1996; Ben-David et 
al., 2011; Dimoska-Di Marco et al., 2011; Barch et al., 2004; Cohen, Servan-Schreiber, & 
McClelland, 1992; Kaplan & Lubow, 2010; MacLeod, 1991).  A fourth condition not always 
utilised measures switching, where the inhibition task is repeated but with additional word 
stimuli presented within a box; the Color-Word Interference Test (CWIT; Delis, Kaplan, & 
Kramer, 2001a; 2001b).  The boxed stimuli are scattered throughout the unboxed words. 
Here, participants have to switch from ignoring the word and naming the ink colour, to 
ignoring the ink colour and reading the word when they come to a boxed word (see Figure 
3.13d).  
 
Figure 3.13. The Stroop Task. a) Colour identification condition. Participants identify each colour 
patch from left to right under time pressure. b) Word reading condition. Identical to (a) except that 
participants read the word. c) Stroop interference condition. Participants are required to ignore the 
word and identify the ink colour under time pressure. d) Interference-switching condition. Identical to 
(c) except that participants are required to switch rules when they come to a boxed word and instead 
read the word for that stimulus only; they must switch back to identifying the ink colour for every 
unboxed word.  Each condition contains 50 stimuli. 
 
J.R. Stroop first published the initial variant of the task in 1935, a simplified card 
version aimed at elucidating observable interference from competing cognitive processes in 
healthy individuals (MacLeod, 1991).  There have since been some 400 studies incorporating 
various changes to the original paradigm (MacLeod, 1991). The task continues to be used as 
a measure of mental inhibition and switching, as well as a measure of attention, and general 
cognitive flexibility (Abramczyk, Jordan, & Hegel, 1983; Fine et al., 2008; Perlstein, Carter, 
Barch, & Baird, 1998). Stoop administration to patients with schizophrenia is discussed in the 
following section.  
a)
b)
c)
d)
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3.6.4 Research in schizophrenia. 
Cognitive impairment in schizophrenia has been demonstrated by Stroop data. 
Patients typically show slower reaction times (RTs) and reduced accuracy (Barch et al., 2004; 
Brenton et al., 2011; Ferchiou, Schurhoff, Bulzacka, Leboyer, & Szoke, 2010). Similar 
Stroop performance has been illustrated in delusion proneness (Orem & Bedwell, 2010), but 
not yet in schizotypal personality (i.e., psychosis proneness) (Kaplan & Lubow, 2010).   
In addition to slower RTs and reduced accuracy, some research has highlighted the 
pattern of results in schizophrenia (Barch et al., 2004; Henik & Salo, 2004; Kubicki et al., 
2009). Compared to healthy control groups it appears that patients with schizophrenia often 
show increased facilitation (i.e., faster RTs to congruent versus neutral trials), and increased 
errors in the incongruent trial, but they show equivalent interference (i.e., an equivalent 
increase in RTs to incongruent compared with neutral trials) (Barch et al., 2004; Henik & 
Salo, 2004). First, increased facilitation can be explained by particularly poor RTs to the 
neutral stimuli. According to Barch et al. (2004) this may reflect the greater difficulty patients 
have in ignoring the word more generally, which is necessary in some neutral versions of the 
task (not shown in Figure 3.13), but not in congruent trials. However, findings of equivalent 
interference appear to be inconsistent with established deficits in cognition more generally 
(e.g., attention and executive function). Barch et al. (2004) sought to determine if the 
interference effect in patients was being under-calculated due to their higher proportion of 
errors. That is, given that a greater number of errors are illustrated on words where the patient 
is having the most difficulty inhibiting their natural word-reading response, the extent of this 
reduced inhibition (i.e., RT interference) may be lost once errors are eliminated from analysis 
(Barch et al., 2004). However, Barch et al (2004) found no evidence of this.  
There have been some instances of increased RT interference in schizophrenia and, in 
contrast to Barch et al. (2004), Henik and Salo (2004) have suggested that these patterns 
might simply reflect the delivery of the task. For instance, patients tend to show increased RT 
interference relative to controls when the task is given using the traditional card version. 
Here, words are shown individually thereby reducing attentional demands. This version of the 
task may match patient attentional resources, allowing for the true extent of their poor 
inhibition to be measured (Henik & Salo, 2004). The patterns of performance recorded when 
current versions of the task are used (i.e., Figure 3.13), may thus reflect a reduced ability to 
negotiate the task given the multiple attentional demands (Henik & Salo, 2004). This would 
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include reduced RTs and increased errors shown to all conditions, and particularly those 
shown even to the neutral condition (leading to an increased measurement of facilitation). 
Alternate task delivery might also explain some other inconsistencies in this literature; for 
example, Orem and Bedwell (2010) versus Kaplan and Lubow (2010). However, Perlstein et 
al. (1998) critically evaluated both delivery methods and argued instead that the single card 
version may not be sensitive enough to capture impairments. The authors suggested that 
current versions should instead be used, especially where an instrument sensitive to selective 
attention is preferred (Perlstein et al., 1998). 
3.6.5 Evidence in imaging. 
During cognitive tasks more generally, attenuated activation in the dorsolateral 
prefrontal cortex (DLPFC) has already been shown in schizophrenia and unaffected first 
degree relatives (Becker, Kerns, MacDonald, & Carter, 2008). During Stroop inhibition 
reduced activation of frontal regions has been reported (e.g., anterior cingulate gyrus, left 
precentral gyrus, medial and middle frontal gyrus, inferior frontal junction) (Krabbendam et 
al., 2009; Ungar, Nestor, Niznikiewicz, Wible, & Kubicki, 2010), as well as increased 
activation in medial parietal regions (i.e., posterior cingulate gyrus/precuneus) (Ungar et al., 
2010).  These data suggest differential and underactive networks (particularly frontal) during 
effortful inhibition and switching in schizophrenia. Furthermore, there are suggestions that 
this attenuation may be negatively correlated with positive symptoms; that is, increased 
activation of these areas (which would resemble control participants in functionality during 
Stroop inhibition) may be associated with the reduction of positive symptoms (Krabbendam 
et al., 2009).  
3.6.6 Attention. 
Extensive research has long established attention deficits in schizophrenia. In fact, 
along with memory and processing speed, poor attention was noted during the early 
observations of schizophrenia (i.e., Bleuler [1911] and Kraepelin [1919]), and impairments in 
attention are currently considered a core cognitive feature of the disease (Benton et al., 2011; 
Kumar et al., 2010; Mitchie et al., 2000). Attention deficits are identified as a key risk marker 
for schizophrenia, where such impairments are considered a stable enduring trait of the 
disorder, independent of clinical presentation (Benton et al., 2011; Mitchie et al., 2000). For 
example, deficient attention has been demonstrated in patients during their first presentation 
of psychosis when they are free from medication (Wang et al., 2007), in early onset 
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schizophrenia (i.e., late adolescence/early adulthood) (Jepsen et al., 2010), in chronic patients 
where impairment does not correlate with symptomatology (Kurtz et al., 2001), in healthy 
first-degree relatives, where relatives tend to show intermediate attentional resources between 
patients and controls (Birkett et al., 2007; Brenton et al., 2011) and in schizotypal personality 
types (Gooding et al., 2006).  
Attention has been conceptualised as incorporating three organised networks; alerting 
(i.e., vigilant sustained alert state), orienting (i.e., ability to identify, select and focus on 
stimuli of interest) and executive attentional control (i.e., surveying and governing attentional 
processes, allowing for decision making among distracters) (Brenton et al., 2011; Posner & 
Peterson, 1990). Impairments are shown on all of these, with accounts of poor vigilance, 
selective attention, switching attention, and sustained attention being commonplace in the 
literature (Egeland et al., 2003; Heinrichs & Zakzanis, 1998). Furthermore, these are apparent 
in both auditory and visual modalities (Baerwald et al., 2001; Kumar et al., 2010), and across 
a wide range of tasks considered to tap various aspects of attention; including digit-symbol 
coding (Dickinson et al., 2007), Stroop tasks (discussed previously at length) (Perlstein et al., 
1998), backward masking (Saccuzzo et al., 1974), the Trail Making Task, span of 
apprehension tasks (Asarnow & MacCrimmon, 1982; Chan, Yip, & Lee, 2004), and, most 
commonly used, the Continuous Performance Test (CPT) (Kurtz et al., 2001; Wang et al., 
2007). 
Attentional impairments in schizophrenia have also been indicated 
neurophysiologically. For example, Cullum et al. (1993) revealed that increased P50 
amplitudes (i.e., indexing the gating of sensory auditory responses) was correlated with 
performance on the digit cancellation test (i.e., a measure of sustained attention), but not with 
measures of learning and memory. More specifically and more recently, attenuated P300 
amplitudes and longer peak latencies to Nd, N2b, and P300 (i.e., reflecting selective 
attention, voluntary attention, and cognitive context updating respectively) have been shown 
in schizophrenia (Itagaki et al., 2011).  
Neuroimaging evidence suggests differential activation patterns in the executive core 
of the brain’s attentional system in schizophrenia patients compared to controls (Diwadkar et 
al., 2011; Weiss et al., 2007), and in offspring of patients (Diwadkar et al., 2011). In general, 
patients have demonstrated reduced activation in dorsolateral prefrontal, anterior cingulate, 
and parietal regions, and increased activation in temporal and posterior cingulate regions 
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(Weiss et al., 2007). More recently, some inconsistencies in imaging patterns have been 
explained by the likelihood of a fundamental deficit in the modulation of brain activity in 
these areas, particularly in response to variations in attentional demands across task and non-
task blocks of experimental paradigms (Carter et al., 2010). Carter et al. (2010) showed that 
patients actually displayed a greater percentage of active voxels relative to controls overall, 
but that during transient periods of the paradigm (i.e., those most important to task 
performance), patients instead showed a reduced percentage of active voxels, aligned with 
their poor performance (Carter et al., 2010).  
Finally, reduced cingulum bundle integrity (i.e., poorer anatomical connectivity 
between regions known to be imperative during attentional control) has also been offered as 
an additional neuroanatomical explanation for the deficits shown (Kubicki et al., 2009). Some 
of these neuroanatomical differences reflect those established in the memory literature, for 
example, prefrontal and temporal activation, along with diffusion tensor imagining evidence 
of decreased connectivity via condensed cingulum bundle fibres (see Section 3.4: Memory). 
This may suggest common brain-based counterparts for various cognitive deficits (e.g., 
memory and attention in this case) and/or may indicate the neuroanatomical correlates of 
attention, which would be equally utilised during memory tasks. 
3.6.7 Processing speed. 
Processing speed refers to the rate at which cognitive operations are executed (i.e., the 
number of correct responses in a given amount of time or the total time taken to complete a 
standard task) (Dickinson et al., 2007; Morrens et al., 2008). The speed of information 
processing is typically measured by the Digit Symbol Coding (Lezak et al., 2004; Wechsler, 
1955) Trail Making (Reitan & Wolfson, 1985), and Stroop tasks (Stroop, 1935), although 
there is some evidence to suggest that the Digit Symbol Coding task may be a better measure, 
probably because it incorporates the largest cognitive component (Brebion et al., 2007). 
 Patients with schizophrenia consistently show marked reductions in processing speed 
relative to control comparisons (i.e., Brebion et al., 1998; Egeland et al., 2003; Ojeda et al., 
2008; Savla et al., 2010), and this deficit appears to be fairly stable overtime. For example, in 
a rare longitudinal study that spanned 20 years, Bonner-Jackson et al. (2010) assessed 
patients with schizophrenia (N=84), patients with other psychotic disorders, and a group 
diagnosed with depression. Using the Digit Symbol-Coding subtest of the RBANS the 
authors reported that patients with schizophrenia showed reduced processing speed relative to 
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both comparison groups over all seven testing points during the course of the project. Their 
data suggested further that processing speed may be particularly slowed during the acute 
phase of illness and that improvements shown following this phase remain relatively stable 
(Bonner-Jackson et al., 2010).   
As already mentioned, a deficit of this nature is likely to have a bearing on the 
measurement of other cognitive domains, especially where tasks are speeded and/or reaction 
times constitute the outcome measure (see Section 3.4.1: General memory impairments). 
Slowed information processing may therefore exacerbate the extent of cognitive impairments 
in schizophrenia. Brebion et al. have conducted multiple studies in this area and, along with 
evidence that processing speed is able to predict both superficial and deep encoding (2000), 
they have shown that various other memory measures are consistently correlated with 
processing speed, including; efficient encoding (1998), verbal memory (2006), recall and 
recognition of low frequency (i.e., effortful memory encoding) but not high frequency words 
(i.e., relatively automatic encoding, 2007), and both superficial and deep verbal and visual 
memory (Brebion et al., 2011). Similar findings have been shown elsewhere, with some 
additional indication of comparable effects in the measurement of verbal fluency (Ojeda et 
al., 2008; Savla et al., 2010).  
As also mentioned previously, rather than simply mediating the measurement of other 
areas of cognition, speculations that slowed processing speed has been mistaken for deficits 
in otherwise intact neuropsychological domains have also been made.  That is, some 
established deficits in the literature, such as memory impairments, are now predicted to have 
primarily reflected poor information processing. Throughout their series of work, Brebion et 
al. showed more than once that the significance of diagnosis (i.e., schizophrenia versus 
control participants) across a number of memory measures was eliminated once processing 
speed was incorporated into the regression equation as a predictor (2007; 2011).  
In further support of this idea, Dickinson et al. (2007) conducted a meta-analytic 
investigation incorporating forty studies and reported that effect sizes were larger to 
processing speed than to other cognitive measures, including episodic memory and executive 
function. The authors concluded that inefficient information processing constituted a central 
feature of the cognitive aspect of schizophrenia. However, in response to this work, Knowles 
et al. (2010) re-examined the same forty studies, along with an additional eleven that had 
since been published. Their goal was to investigate potential mediators in this research that 
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would help to explain the prominence of a processing speed deficit. They found that three 
variables significantly moderated the processing speed effect size, (i) the year of the 
published work under review, (ii) unmatched IQ in patient relative to control participants, and 
(iii), most significantly, the daily dosage of antipsychotic medication (chlorpromazine). 
Specifically, they reported that the smaller the daily dose the smaller the processing speed 
effect size (see Figure 3.14).  
Thus, while the literature points to a primary deficit in the speed of information 
processing, current claims that this deficit accounts for some already established in other 
cognitive neuropsychological domains require further systematic investigation. The work 
from Knowles et al. (2010), for example, highlights that intelligence and medication may 
have an influential role.   
 
Figure 3.14 . The association between mean Chlorpromazine equivalent daily dose and Coding Task 
effect size. Taken from Knowles et al. (2010).  
3.7 Intelligence 
According to David Wechsler, the man responsible for the most commonly employed 
intelligence scales to date, intelligence is “the global capacity of a person to act purposefully, 
to think rationally, and to deal effectively with his environment” (Wechsler, 1939, p. 22). In 
the tradition of Wechsler, intelligence has classically been conceptualised as comprising two 
components; (i) a verbal and (ii) a performance (i.e., visual-motor) component, and these 
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incorporate verbal comprehension, perceptual reasoning, working memory, and processing 
speed faculties
23
.  
Intellectual deficits are well established in schizophrenia, both from the results of 
general intelligence tests (commonly including scores from the Wechsler Adult Intelligence 
Scale, WAIS; Wechsler, 1955) and/or composite test battery scores (Jespen et al., 2010; 
Kalkstein et al., 2010; Xiang, Shum, Chiu, Tang, & Ungvari, 2010b). Research has also 
identified a relationship between lower premorbid intelligence and the later development of 
schizophrenia (Cannon et al., 1999; Crawford et al., 1992). Moreover, a reduction in 
intelligence quotient (IQ) from premorbid to post-onset of the illness has been indicated 
(David, 1998; David, Malmberg, Brandt, Allebeck, & Lewis, 1997; Sheitman et al., 2000), 
and the literature has traditionally supported a fluid IQ decline as the illness progresses 
(Bilder et al., 1992; Caspi et al., 2003; Hoff, Svetina, Shields, Steward, & DeLisi, 2005; 
Seidman, Buka, Goldstein, & Tsuang, 2006).  
Yet reports using estimates of premorbid intelligence for large cohorts of high-risk 
individuals have refuted the effectiveness of premorbid intelligence in the prediction of 
schizophrenia. For example, a total sample of 355 individuals in the New York High-Risk 
Project (Ott et al., 1998), and 311 Danish participants (99 at low risk, 155 at high risk, and 57 
at super-high risk) in the Copenhagen High-Risk Project (CHRP; Carter, Parnas, Urfer-
Parnas, Watson, & Mednick, 2010), showed no predictive relationship. Some data suggests 
further that patients may in fact advance intellectually overtime, and to the same degree as 
healthy individuals.  In a meta-analysis of fifty-three studies (n = 2476 patients) investigating 
the course of cognitive faculties in schizophrenia, Szoke et al. (2008) showed that patients 
improved on a range of cognitive tasks between test and retest, with a mean of twelve months 
between each assessment.  Four of their measures were subtests from the WAIS-IV; 
similarities, vocabulary, digit symbol substitution and block design. With the exception of 
vocabulary, improvement was shown at retest by patients on all of these. This finding 
provides additional evidence for the well-established premise that vocabulary represents a 
stable aspect of intelligence, independent of symptomatology, and thereby supports further 
the continued use of reading tests to obtain a measurement of premorbid intelligence, such as 
the National Adult Reading Test (NART; Nelson, 1981). 
                                                          
23
 The current version of the Wechsler Adult Intelligence Scale (i.e., WAIS-IV), released in 2008, transitioned 
from dual verbal/performance IQ to an index score structure; Full Scale IQ, and four indicies (Pearson, 2008). 
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Moreover, recent work has produced evidence of patient heterogeneity on intelligence 
measures that may suggest the preservation of intelligence in some cases (Badcock et al., 
2005; Mercado, Johannesen, & Bell, 2011; Palmer et al., 1997), and/or  the potential for a 
“high-functioning” subgroup in schizophrenia (Badcock et al., 2005; MacCabe et al., 2012). 
This is a relatively novel concept given the longstanding assumption that intelligence 
underlies the patient’s capacity for neuropsychological performance, which has consistently 
been shown to be poor (Karageorgiou et al., 2011; Lewandowski, Cohen, & Ongur, 2011; 
Nieto & Castellanos, 2011). More recently research has begun to dispel this myth, showing 
that patients continue to perform consistently below healthy controls on a range of 
neuropsychological measures, despite being matched in IQ (Badcock et al., 2005; Wilk et al., 
2005). Wilk et al. (2005), for instance, matched patients and healthy controls within three 
Full Scale IQ points on the WAIS (Wechsler, 1997), yet their respective neuropsychological 
profiles were significantly different; patients showed a pronounced memory and speeded 
visual processing deficit.
24
 However, while Wilk et al. (2005) have shown 
neuropsychological deficits in patients over and above the influence of intelligence, this is not 
necessarily evidence of intact or preserved intelligence in schizophrenia. The data from Wilk 
et al. (2005) shows that the mean WAIS IQ for both groups was within the WAIS 
classification of average intellectual functioning (M = 99.2 for both groups, SD = 12.4 and 
12.2 for patients and controls respectively). It therefore remains unclear whether patient 
cohorts that would fit into the above average and/or superior WAIS ranges actually exist. 
Elsewhere, reports suggest that the acquisition of new intellectual information may be 
slowed during the first five years of illness onset (Jespen et al., 2010). Interestingly, rather 
than a cross sectional IQ assessment, Jespen et al. (2010) followed patients over the trajectory 
of the first five years following full clinical presentation of their first episode. This 
methodology accounts for the heterogeneous dynamic brain changes across individuals 
during the first five years of their illness, which is discounted when assessed cross-
sectionally, and thus may offer an incomplete picture (Pantelis et al., 2009). While their 
sample sizes were relatively small (early onset schizophrenia, n = 10, non-affective 
psychosis, n = 8, healthy controls, n = 35), significantly reduced scores on intelligence 
measures were shown by the patients compared to control participants, however, no 
differences were shown between early onset and non-affective patient groups.    
                                                          
24
 Their patients did, however, illustrate superior verbal comprehension and perceptual organisation, which is 
inconsistent with most literature. 
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Overall, despite some minor inconsistencies in the literature, and perhaps with the 
exception of vocabulary, there appears to be substantial evidence for generally reduced 
intelligence in schizophrenia. Recent suggestions of the autonomy of intelligence and 
neuropsychological performance probably warrant additional investigation, but the concept of 
preserved intelligence must be confirmed by longitudinal research that follows the same 
individuals over the trajectory of their illness, and to date, this has not been done. 
3.8 Chapter summary 
 This chapter has reviewed a number of deficits that are generally considered to be 
established in the manifestation of schizophrenia. An assessment of the work conducted to 
date highlights the considerable inconsistencies related to some aspects of the larger 
phenomenon (e.g., variable priming effects at short versus long SOAs in an established 
semantic priming impairment). As has been discussed throughout, two main explanations 
may account for these discrepancies. First, the existing data reflects overarching impairments 
related to certain cognitive neuropsychological domains that can be considered core aspects 
of the disease, but the heterogeneity shown throughout, particularly to the finer nuances of 
the domain, might well be expected to arise from individual differences. Second, the existing 
data offer an incomplete picture of these impairments at each domain, given the high rate of 
failure to incorporate, and account for, significantly influential factors inherent in patient 
populations (e.g., the effects of medication). In general, future work should adhere to 
addressing these factors before drawing conclusions about cognitive neuropsychological 
domains that are likely to be influenced by them.  
As early as 1913, Kraepelin’s “dementia praecox” incorporated deficiencies in 
memory and general intelligence as a defining feature of the disease (Badcock et al., 2005; 
Kraepelin, 1913). Another prominent issue raised by this review is the (perhaps still unclear) 
effect of these, and additional executive functions (i.e., processing speed and attention) on 
measurements of cognitive neuropsychological domains. These are invariably implicated in, 
and hypothesised to underpin, performance on a range of cognitive neuropsychological 
functions (Wilk et al., 2005). The preceding review has indicated that much of the reported 
data to date has failed to account for the influence of general factors such as these, possibly a 
significant oversight that might account for inconsistencies.  
At least two decades of research has recorded widespread impairments in cognition 
and on neuropsychological measures in patients with schizophrenia, including, but not 
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limited to, the faculties discussed in this chapter. Overall, there is satisfactory evidence to 
suggest that patients with schizophrenia have impairments in aspects of perceptual (i.e., 
visual) organisation, language and memory, executive function and intelligence. In most 
cases, both substantial behavioural and neurophysiological/functional neuroanatomical data 
has been reported as evidence of impairment across each of these domains.   
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Chapter 4: Cognitive Neuropsychological Deficits following                                
Traumatic Brain Injury (TBI) 
4.1 Introduction 
4.1.1 Traumatic brain injury. 
As discussed in detail in Chapter One, traumatic brain injury (TBI) describes brain 
injury occurring as a result of external trauma to the head, which may or may not penetrate 
the skull. Focal TBI refers to brain tissue damage (i.e., a lesion) that is isolated to one (or 
many) particular cerebral location(s) of the brain, usually in response to blunt external trauma 
proximal to the resulting lesion. Diffuse axonal injury (DAI) consists of extensive and 
widespread damage to white matter tracts caused by shearing injury, typically following a 
sudden high-velocity acceleration and/or deceleration of the brain within the skull 
(Felmingham, Baguley, & Green, 2004; Johnson, Bigler, Burr, & Blatter, 1994). Depending 
on the cause of injury, focal lesions and DAI may occur together. As a result, cortical and 
subcortical regions may be damaged, including white and gray matter, and white matter tracts 
responsible for the connection between cortical regions (i.e., association fibres), such as the 
hippocampus, amygdala, corpus collosum, and cerebellum (Beauchamp et al., 2011b; 
Felmingham et al., 2004; Johnson et al., 1994; Nass, deCoudres Peterson, & Koch, 1989; 
Rios, Perianez, & Munoz-Cespedes, 2004).  
The human brain is an intricate and complex structure, facilitating our capacity for 
sensation, perception, awareness, cognition, emotion, and behaviour. The brain is broadly 
mapped for functionality, and thus, injury to a particular cerebral location may result in 
damage to the associated functionality. For example, frontal lobe injury is commonly 
associated with a wide range of deficits in executive function (Lipton et al., 2009). Sequelae 
post TBI are vast, and include, but are not limited to; cognitive deficits, sensory deficits, 
mood symptoms (e.g., depression, mania, and apathy), anxiety, psychosis (discussed in 
Chapter Two), speech defects, and behaviour or dyscontrol disorders (LeBlanc, de Guise, 
Feyz, & Lamoureux, 2006; McAllister et al., 1999; Rao & Lyketsos, 2000; Sarno et al., 
2000).  
Post TBI outcome relies on several injury-related factors such as injury type (focal 
versus diffuse), severity, lesion location, and time since the trauma (Johnstone, Hexum, & 
Ashkanazi, 1995; Ponsford, Draper, & Schonberger, 2008). Injury severity has been 
determined in a number of ways in the literature and is currently most commonly classified 
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by the length of loss of consciousness (LOC) or coma, Glasgow Coma Scale (GCS) score 
(Teasdale & Jennett, 1974), and duration of post traumatic amnesia (PTA) (See Appendix A 
for classifications) (Schonberger, Ponsford, Reutens, Beare, & O'Sullivan, 2009; Vakil, 
2005). In very general terms, worse injury is usually associated with worse outcome. 
However, focused investigations of the relationships between these injury demographics and 
cognitive neuropsychological domains have been relatively scarce, and are often inconsistent 
in both methodology and findings. Accordingly, associations between the range of injury 
variables and neuropsychological outcome remain unclear. For instance, it has been reported 
that childhood TBI may leave the child at greater risk given that damage may disrupt the 
developing brain (Beauchamp et al., 2011a). On the other hand, injury in adulthood and older 
age may increase the impact of trauma on the brain due to decreased neuroplasticity as we 
age (Schonberger et al., 2009).  
This chapter provides a review of the cognitive neuropsychological literature 
pertaining to traumatic brain injury (TBI). Domains identified in Chapter Three as impaired 
in psychosis are covered in detail; visual-perceptual organisation, language and memory 
(verbal fluency and semantic processing), reasoning (probabilistic), executive function 
(including attention, mental inhibition and switching, and processing speed), and general 
intelligence. Some additional contextual literature is provided where necessary. 
4.2 Perceptual Organisation and Visual Gestalt Processing  
4.2.1 Visual pathways. 
As discussed in Chapter Three, visual perception involves the interaction of existing 
knowledge with incoming sensory input at all stages of processing. Visual information must 
be received, organised, and assimilated to facilitate a healthy perception of the environment 
(McKenna, Cooke, Fleming, Jefferson, & Ogden, 2006). While impaired perceptual 
organisation is paramount in psychosis, it appears that various disruptions to vision and 
visual processing pathways may occur as a consequence of traumatic brain injury, also 
resulting in perceptual deficits in this cohort.  
In brief, the primary visual pathway extends from photoreceptive cells on the retina of 
the eye to the dorsal lateral geniculate nucleus in the thalamus, and on to the primary visual 
cortex (striate cortex/V1) of the ipsilateral hemisphere in the occipital lobe (Gray, 1989; 
Purves et al., 2001) (see Figure 4.1). Visual information then passes forward along a visual   
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Figure 4.1. The primary visual pathway extending from the eye to the lateral geniculate nucleus in the 
thalamus and the primary visual cortex in the occipital lobe. Image taken from Gray (1989). 
 
hierarchy, from V1 via two routes, the dorsal and the ventral, gaining processing complexity 
as it goes. The dorsal route extends from V1 to V2 and onto V5 (or middle temporal area, 
MT), and the parietal cortex, while the ventral route extends from V1 to V2 and V4, and the 
temporal cortex (Purves et al., 2001; Ungerleider & Mishkin, 1982) (see Figures 4.2 and 4.3). 
Neurons in V1 encode the basic properties of a visual image (e.g., luminance, orientation), 
whilst the dorsal route adds spatial and motion information, and the ventral route facilitates 
form recognition, object identification, and categorisation of visual stimuli (Purves et al., 
2001; Ungerleider & Mishkin, 1982). Information at each stage must be integrated to support 
vision, along with higher order visual attention, memory and visual cognition (Purves et al., 
2001; Warren, 1993).  
Both the afferent and efferent pathways (relaying information to, and from, the cortex 
respectively) can be affected by traumatic brain injury. Direct trauma may occur to the 
occipital cortex, and in a minority of cases to the optic nerve, and/or to the eye. More 
commonly, indirect trauma may occur to the brainstem and oculomotor nerves, usually the 
result of posttraumatic oedema of the nerve or surrounding tissues, and/or interruption of the  
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Figure 4.2. Localisation of multiple visual areas in the human brain using 
fMRI. (A,B) Lateral and medial views (respectively) of the human brain, 
illustrating the location of primary visual cortex (V1) and additional visual 
areas V2, V3, VP (ventral posterior area), V4, MT (middle temporal area), 
and MST (medial superior temporal area). (C) Unfolded and flattened 
view of retinotopically defined visual areas in the occipital lobe. Dark grey 
areas correspond to cortical regions that were embedded in sulci; light 
regions correspond to regions that were located on the surface of gyri. 
Taken from Purves et al. (2001). 
 
 
Figure 4.3. The ventral (toward the temporal lobe) and dorsal 
(toward the parietal lobe) pathways extending from V1 (striate 
cortex). The ventral route (purple) facilitates object recognition 
while the dorsal route (yellow) facilitates spatial vision. Taken from 
Purves et al. (2001). 
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blood supply to the nerve itself (Kelts, 2010; van Stavern, Biousse, Lynn, Simon, & 
Newman, 2001). Thus, damage at the lesion site, resultant swelling, and/ or neuronal shearing 
may result in a perceptual consequence. In fact, given the proportion of the brain devoted to 
visual processing (i.e., almost the entire posterior half of the cerebral cortex), it is 
unsurprising that visual-perceptual impairment is common following TBI (Brosseau-
Lachaine, Gagnon, Forget, & Faubert, 2008; Ripley & Politzer, 2010).  For instance, one 
study identified deficits in more than fifty per cent of patients (van Stavern et al., 2001). 
4.2.2 Disruptions to vision. 
Of course intact visual perception relies first on accurate incoming visual information. 
The effects of trauma have been shown to compromise vision in a number of ways, including; 
(i) most typically, the loss of visual acuity (i.e., blurred vision) and visual field (i.e., spatial 
array of visual input available to each eye); (ii) diplopia (i.e., double vision, where the brain 
perceives two images of the same object, often displaced horizontally and/or vertically, and 
can result from either the misalignment of the fovea of each eye relative to one another and/or 
cranial nerve damage, particularly to the third and sixth cranial nerve); (iii) homonymous 
hemianopia (i.e., loss of half of the visual field on the same side in both eyes due to damage 
in one hemisphere of the brain, see Figure 4.4) (Brosseau-Lachaine et al., 2008; Kelts, 2010; 
Niemeier, 2010; Ripley & Politzer, 2010). Visual efficiency skills are also often 
compromised, and result in the further distortion of incoming visual stimuli. This is typically 
shown in reduced oculomotor function (i.e., eye movements necessary to identify and track 
objects), poor eye teaming (i.e., convergence), and reduced visual accommodation (i.e., 
change in focus to accommodate the distance of visual stimuli) (Hulse & Dudley, 2010; 
Niemeier, 2010).  
In such cases, where visual input is likely to be incomplete and distorted, visual 
acquisition is insufficient for adept visual processing (Hulse & Dudley, 2010; Niemeier, 
2010). Yet visual processing assessments, and neuropsychological assessments more 
generally, typically rely on visual stimuli, and thereby intact vision, to obtain their 
measurement. Thus, where known post injury visual dysfunction exists, data is likely to be 
confounded.
25
 Cate and Richards (2000) have argued that the assessment of visual processing 
                                                          
25
 Equivalent verbal versions of the various neuropsychological tests have been recommended in such cases 
(Cate & Richards, 2000; Niemeier, 2010). Of course, this does not resolve the problems inherent in the 
measurement of visual processing.  
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must begin with a measurement of basic visual function in patients. Their data illustrated a 
positive correlation between visual functionality and perceptual skills measured by the 
Motor-Free Visual Perception Test (MVPT; Colarusso & Hammill, 1972). One French case 
study reported that although visual acuity had improved enough to support reading by six 
years post injury, the patient continued to suffer with pronounced prosopagnosia (i.e., 
severely disrupted face perception and subsequent identity recognition) (Pradat-Diehl, 
Masure, Lauriot-Prevost, Vallat, & Bergego, 1999). Hence visual input and visual processing 
have clear implications for visual perception, and its measurement, following brain injury. 
 
 
Figure 4.4. A homonymous hemianopia is the loss of half of the visual field on the same side in both 
eyes. Visual images seen on the right travel from both eyes to the left side of the brain, while images 
on the left travel to the right side of the brain. Therefore, damage to the right side of the posterior 
portion of the brain can cause a loss of the left field of view in both eyes, and damage to the left 
posterior brain can cause a loss of the right field of vision (images source at 
http://en.wikipedia.org/wiki/homonymous_hemianopsia). 
 
4.2.3 Visual processing and perceptual deficits. 
Visual-perceptual abilities are wide ranging in support of our interaction with the 
environment, providing proficient visual discrimination, visual memory, visual-spatial 
relations, visual figure-ground, visual closure, and visual-motor integration (Hulse & Dudley, 
2010). To date, a number of studies have identified perceptual impairment following TBI 
(e.g., Kersel, Marsh, Havill, & Sleigh, 2001; Malina, Regan, Bowers, & Millis, 2001; 
McKenna et al., 2006; Shum, Harris, & O'Gorman, 2000). However, some published research 
has offered evidence of disrupted perception without considering the effects of basic visual 
Paris as seen in 
full visual field
Paris as seen with left
homonymous hemianopia
Paris as seen with 
bi-nasal hemianopia
Paris as seen with 
bi-temporal hemianopia
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impairment in their sample. For example, Kersel et al. (2001) used the Block Design task of 
the WAIS-R (Wechsler, 1939) to show that forty per cent of patients with severe TBI (N = 
65) had some form of impairment in visual processing at six months post injury. The authors 
made no reference to the assessment of visual acuity.  
Elsewhere research has shown that perceptual deficits remain even where visual 
impairment is excluded as an explanation, instead implicating damage to processing 
pathways (Brosseau-Lachaine et al., 2008; McKenna et al., 2006; Shum et al., 2000). 
Brosseau-Lachaine et al. (2008) ensured normal or corrected-to-normal vision (including 
binocular vision) and ocular health, assessed by an optometrist in children following mild 
TBI (mTBI). In spite of this, complex visual Gestalt processing impairments were shown in 
their sample at three months post injury. After excluding basic visual-perceptual problems, 
Shum, Harris, and O’Gorman (2000) obtained data that indicated poor visual memory in 
patients who had experienced a severe TBI, both in terms of their error rate, and rate of 
learning. In a sample of thirty-one patients who had sustained a severe TBI (PTA in days; 
M= 61.2, SD = 45.9), McKenna et al. (2006) also showed visual-perceptual impairments in 
the absence of primary sensory and motor impairments. These pertained to unilateral neglect 
(i.e., failure to orient to, respond to, or report, stimuli presented on the contralateral side to 
the lesion, 45.2% of the sample); impairments of body schema (i.e., confusion of the 
positioning/spatial relationships between body parts, 25.8%), and constructional skills (i.e., 
the integration of visual perception, motor planning and motor execution, 25.8%). Based on a 
range of additional tests the authors were also able to rule out a common underlying cognitive 
and/or motor profile in patients showing impairment. That is, no significant differences were 
shown on measures of general cognition, behavioural memory, functional independence, or 
duration of post traumatic amnesia between the brain injured group that showed perceptual 
deficits and the thirty-five per cent that did not (McKenna et al., 2006). Taken together, the 
current literature indicates visual-perceptual impairments that may differ in origin (i.e., the 
nature of the lesion, its’ size, location and cortical consequence, these variables were not 
matched in the aforementioned studies), but share common functional expressions post 
traumatic brain injury.  
4.2.3.1 Injury severity. 
The effect of injury severity as a mediator in visual-perceptual processing has not 
been addressed specifically. Instead research has typically employed cohorts that fit either 
mild (e.g., Brosseau-Lachaine et al., 2008; Ponsford et al., 2011) or severe (e.g., Kersel et al., 
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2001; Shum et al., 2000) classifications of severity. The work by McKenna et al. (2006) 
appears to provide no evidence concerning the effect of injury severity on visual processing. 
According to the PTA demographics reported, the patient sample utilised by McKenna et al. 
(2006) typically fall into the severe category of injury (PTA, M= 61.2, SD = 45.9, range 11-
204 days) (McKenna et al., 2006; Williamson, Scott, & Adams, 1996). Group comparisons 
led the authors to conclude that visual processing deficits were not mediated by injury 
severity in their sample given that no differences in PTA were shown between the impaired 
and unimpaired groups (McKenna et al., 2006).  
A closer look at their data, however, shows a pattern of reduced PTA in those without 
impairment across all three visual-perceptual categories: i) unilateral neglect; those without 
impairment showed a mean of 49.4 (SD = 37.3), with impairment, 75.8 (SD = 52.6), ii) body 
schema; a mean of 58.8 (SD = 50.9) and 68.9 (SD = 26.3) respectively, and iii) constructional 
skills; a mean of 54.9 (SD = 40.3) and 77.9 (SD = 58.0) respectively. It is likely that their null 
result reflects the variable spread of their sample (i.e., an overall PTA standard deviation of 
45.9) and thus, the likelihood of a significant relationship between visual processing deficits 
and PTA would have been amplified by employing correlational analyses instead. Despite 
their discussion acknowledging the significant limitations of their small sample size (e.g., 
reduced and/or potentially insufficient power for group analyses, n = 14, 8, and 8 for the 
perceptual categories respectively), McKenna et al. (2006) make no mention of the variability 
of data. The authors may have missed an opportunity to identify aspects of the role of injury 
severity in visual-perceptual impairment. 
Similarly, relatively little work has addressed visual processing following mTBI 
specifically (Brosseau-Lachaine et al., 2008). There is some evidence from 
neuropsychological assessments, however, to suggest visual memory (Ponsford et al., 2011; 
Rohling et al., 2011), visual organisation (Gestalt) (Brosseau-Lachaine et al., 2008), and 
visual motion deficits (Patel, Ciuffreda, Tannen, & Kapoor, 2011). A handful of studies have 
also assessed and reported disruptions to vision itself,  particularly regarding vergence and 
accommodative deficits (e.g., blurred vision and diplopia) (Green et al., 2010a, 2010b; 
Thiagarajan, Ciuffreda, & Ludlam, 2011) (see Figure 4.5 for a breakdown of visual deficits 
in the current mTBI literature).  
In a re-analysis of twenty-five studies used in a series of prior meta-analytic reviews, 
Rohling et al. (2011) showed that visual memory domains were among the most affected 
immediately post injury in mTBI. By three months post injury all neuropsychological 
domains had improved to within normative ranges, a commonly reported finding following 
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mTBI. More recently though, Ponsford, Cameron, Fitzgerald, Grant, and Mikocka-Walus 
(2011) presented data that showed visual memory deficits in patients with mTBI at both the 
one week and three month mark post injury. Similarly, while the data from Brosseau-
Lachaine et al. (2008) showed impaired Gestalt processing, simple linear (first order) visual 
stimuli processing was intact. This may indicate that higher order visual processing may be 
more vulnerable to insult, and generally affected for more than three months post injury (the 
commonly hypothesised neuropsychological recovery period following mTBI).   
 
 
Figure 4.5. Commonly reported clinical symptoms in non-strabismic (i.e., not a result of an 
imbalance of the eye muscles) vergence disorders in mTBI. The category ‘Others’ includes symptoms 
such as headache, dizziness, ocular pain, and poor visually-based concentration. Taken from 
Thiagarajan et al. (2011). 
 
4.2.3.2 Hemispheric specificity. 
 Evidence for the specialisation of hemispheres during local/global processing has 
been shown in healthy control samples (Fink et al., 1996; Martinez et al., 1997), and in both 
adult (Fitz, Conrad, Hom, & Sarff, 1992; Robertson & Lamb, 1991) and child (Akshoomoff, 
Feroleto, Doyle, & Stiles, 2002) clinical (TBI) samples. Generally, the data identifies a bias 
of the left hemisphere for local and analytical processing, and a right hemispheric bias for 
global and holistic (Gestalt) processing (Akshoomoff et al., 2002; Fink et al., 1996; Fitz et al., 
1992; Martinez et al., 1997; van Kleeck, 1989). Patients with lesions isolated to either 
hemisphere typically illustrate deficits to the associated aspect of visual processing. Both 
Robertson and Lamb (1991), and Delis, Robertson, and Efron (1986), have shown 
pronounced and fascinating illustrations of this bias in patients with unilateral injury (see 
Figures 4.6 and 4.7).  In both cases an intriguing distinction is shown between patients with 
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left versus right hemispheric lesions and the resultant supremacy of global or local aspects of 
visual memory, recall, and reproduction.  
 
 
Figure 4.6. Data collected from two TBI patients by Robertson and Lamb (1991). a) The Rey 
Osterrieth figure. b) Replication of the figure from memory by a patient with left hemispheric injury 
illustrates dominance of the right hemisphere (i.e., a global processing bias). c) Replication of the 
figure from memory by a patient with right hemispheric injury illustrates dominance of the left 
hemisphere (i.e., a local processing bias). 
 
 
Figure 4.7. Example illustrations from the Delis et al. (1986) pilot study (Navon figures). a) and b) 
show original stimuli in both linguistic and nonlinguistic formats. c) and d) show the replication of 
these stimuli from memory by a patient with right hemispheric damage, and thus the correct recall of 
local, but not global, information. e) and f) show the replication of these stimuli from memory by a 
patient with left hemispheric damage, and thus the correct recall of global, but not local, information. 
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 Neuroimaging work using positron emission tomography (PET) has shown that 
temporal-parietal activation in the prestriate cortex (V2) distinguishes between global and 
local processing (Fink et al., 1996). Activation in the right lingual gyrus has been shown 
during global-level processing, while the left inferior occipital cortex is associated with local-
level processing (see Figure 4.8). The functional magnetic resonance imaging (fMRI) work 
from Martinez et al. (1997), however, has suggested that left hemispheric activation may be 
shown for both global and local processing, with a trend for increased activation during 
local/detailed processing (see Figure 4.9). Localised lesion neuroimaging work is yet to be 
published, however resultant local/global impairments would be expected to reflect the 
patterns of activation mapped to date. 
 Spatial integration abilities are also lateralised. Injury to the right hemisphere is 
associated with the impaired organisation of spatial configurations while injury to the left 
fosters the oversimplification of spatial form (Akshoomoff et al., 2002).  Data from 
Akshoomoff et al. (2002) further confirmed that hemispheric specialisation for these specific 
visuo-spatial skills are lateralised at birth. Children who had had prenatal/perinatal injury to 
either left or right hemispheres produced a poorer copy of the Rey-Osterrieth Complex Figure 
(Osterrieth, 1944; Rey, 1941) relative to controls (Akshoomoff et al., 2002). Over two 
experiments brain injured children continued to use immature strategies of reproduction and, 
even at ages eleven to fourteen, produced drawings that reflected a bias toward the global 
shape of the figure, or its internal details, according to the location of their injury. However, 
the children also showed improvement in their ability over time, indicating the advancement 
of spatial perception as the child develops and the enhanced neuroplasticity of the young 
brain. 
4.2.3.3 Electrophysiological evidence. 
Deficits in visual organisation have also been demonstrated electrophysiologically. 
Attenuated P300 amplitudes and reduced P300 latencies have been shown following severe 
TBI (Lew, Lee, Pan, & Date, 2004). The P300 event related potential (ERP) indicates the 
detection of novel stimuli among similar distracter stimuli. P300 amplitude is taken to reflect 
the activity during cerebral processing as visual input is assessed and updated in working 
memory, while latency reflects the speed of stimulus classification (Lew et al., 2004). Thus, 
the reduction of both of these ERP parameters in TBI patients, despite similar response 
accuracy, theoretically implicates impaired visual organisation and categorisation. These data 
have since been replicated using affective stimuli in an oddball paradigm (Doi, Morita,  
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Figure 4.8 (Left). Relative regional cerebral blood flow (rCBF) increases 
associated with globally and locally directed attention. Red arrows indicate 
the local maximum within the area of activation. Right hemispheric 
neuronal activation centred on the lingual gyrus during globally directed 
attention and left hemispheric neuronal activation centred on inferior 
occipital cortex during locally directed attention is shown. LG = Large 
stimulus with global attention. LL = Large with local attention. SG = 
Small with global. SL = Small with local. Taken from Fink et al. (1996). 
 
 
 
 
Figure 4.9 (Above). (A) Activation profile of a single subject, seen in three 
planes. The green lines depict the position of the horizontal and lateral 
views. Significantly correlated voxels are shown on a red to yellow scale, 
voxels with highest correlation coefficient values are in yellow. The LH is 
on the right. (B) Activation profiles for three additional subjects in the 
acquired coronal plane (slice 2). Taken from Martinez et al. (1997). 
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Shigemori, Tokutomi, & Maeda, 2007). Sarno et al. (2000) showed further that the 
synchronisation of information processed during visual perception in different brain regions 
(i.e., channel OZ, occipital, versus channel CZ, temporal) may be disrupted. That is, damage 
to the cortex following severe TBI results in disruptions to the timing of the processing of 
incoming visual stimuli in different regions of the brain, such that the information is slightly 
misaligned, and subsequently skews perception. 
To summarise, visual perception appears to be damaged following traumatic brain 
injury irrespective of damage to vision and visual pathways (McKenna et al., 2006; Ponsford 
et al., 2011; Shum et al., 2000). According neuropsychological data, impairments in visual 
perception appear further to conform to the established lateralisation of visual processing, 
where local processing is impaired following unilateral damage to the left hemisphere, and 
global processing impaired by damage to the right (Delis et al., 1986; Robertson & Lamb, 
1991 ). Visual memory, visual motion, visuo-spatial abilities, and visual organisation 
(Gestalt) deficits have all been shown post injury, and to various degrees of injury severity 
(Brosseau-Lachaine et al., 2008; McKenna et al., 2006; Patel et al., 2011; Ponsford et al., 
2011; Rohling et al., 2011; Shum et al., 2000).   
4.3 Language  
4.3.1 Language and communication deficits. 
Broca’s area in the inferior frontal gyrus and Wernicke’s area in the posterior 
temporal lobe have been recognised as the cortical epicentres of the brain’s ability for speech 
production and comprehension respectively since the late nineteenth century.  Of course the 
anatomical foundations of human language are significantly more complex than the 
involvement of these two areas or the connections between them. As with the visual system, a 
number of cortical regions have emerged as fundamental to aspects of language, for example 
in word and sentence recognition (Dronkers, Wilkins, van Valin Jr., Redfern, & Jaeger, 
2004). These have included the parietal cortex in Brodmann’s area (BA) 39 (J. R. Binder et 
al., 1997), a range of temporal areas including BA 20, 21, and 42 (J. R. Binder et al., 1997; 
Dronkers et al., 2004), mid-frontal cortex in BA 46 (Dronkers et al., 2004), and frontal BA 9, 
and 47 (Dronkers et al., 2004; Muller et al., 1997). Damage to any one of these areas may 
leave the language system vulnerable to impairment.  Figure 4.10 provides an example case 
study of language-related activation in a healthy twenty-six year old male. 
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Language and communication impairments following TBI are well documented in the 
literature (Hinchliffe, Murdoch, & Chenery, 1998; J. LeBlanc et al., 2006). These generally 
conform to four broad areas; lexical comprehension and production, semantics, discourse 
processes, and reading/listening skills (Ewing-Cobbs & Barnes, 2002; Moran & Gillon, 
2004).  Numerous factors have been shown to mediate the type and extent of these deficits, 
including age at the time of the injury (i.e., pediatric, childhood, adolescence, and adulthood), 
premorbid language and education, injury demographics (i.e., type, location, and severity), 
and time since the trauma (i.e., acute versus recovery) (J. LeBlanc et al., 2006; Moran & 
Gillon, 2004; Sullivan & Riccio, 2010). Leblanc et al. (2006), for instance, showed that 
education and severity of TBI as classified by GCS score predicted language comprehension 
and expression in the early acute phase post injury. 
 
Figure 4.10.  Language areas identified in a 26 year old healthy male. Activated areas in the left 
hemisphere include the superior temporal sulcus, middle temporal gyrus (L56), inferior temporal 
gyrus (L56-44), fusiform gyrus (L44), angular gyrus, (L56-32), inferior frontal gyrus (L20-8), anterior 
cingulated (L8), and perisplenial cortex/precuneus (L8). The right posterior cerebellum is activated, as 
are small foci in the right dorsal prefrontal cortex and right angular gyrus. Taken from Binder et al. 
(1997).  
 
More specifically, deficits have been shown in primary language functions such as 
simple picture naming (Hinchliffe et al., 1998; Kerr, 1995), linguistics and metalinguistics, 
including ambiguous sentences, synonyms, and semantic absurdities (Hinchliffe et al., 1998), 
comprehension and expression of extended discourse (Hartley & Jensen, 1991; Snow, 
Douglas, & Ponsford, 1997), and phonemic (Baldo & Shimamura, 1998; Jurado, Junque, 
Pujol, Oliver, & Vendrell, 1997; Jurado, Mataro, Verger, Bartumeus, & Junque, 2000; Kave, 
Heled, Vakil, & Agranov, 2011) and semantic fluency (Grossman, 1981; Kave et al., 2011; 
R. C. Martin, Loring, Meador, & Lee, 1990). Using an extensive language battery designed to 
assess the language system across its hypothesised hierarchy of structure and complexity, 
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Hinchliffe et al. (1998) showed nicely that the linguistic system following closed head injury 
is significantly impaired. The deficit was most pronounced on measures tapping the lexical-
semantic system. 
4.3.2 Verbal fluency deficits. 
As noted, a verbal fluency deficit in patients post traumatic brain injury has been 
established, both to phonological assessments of fluency (Baldo & Shimamura, 1998; Jurado 
et al., 1997; Jurado et al., 2000; Kave et al., 2011), and to semantic fluency tasks (Grossman, 
1981; Kave et al., 2011; R. C. Martin et al., 1990), although, the latter has been relatively 
under-investigated. In a meta-analysis that incorporated six hundred and sixty seven TBI 
patients (over thirty studies published between 1986 and 2002), Henry and Crawford (2004) 
showed that deficits on phonemic and semantic fluency tasks seemed to be equivalent. Given 
the effortful response initiation, recall, retrieval, maintenance, and switching required for 
both tasks (Ojeda et al., 2010), comparable poor performance across phonological and 
semantic assessments are often taken as an indication of deficient executive abilities.  Henry 
and Crawford (2004) interpreted their data in this way, and used further analyses to confirm 
that the TBI and healthy control groups were adequately matched on premorbid IQ (Nelson, 
1982) and current verbal IQ (Wechsler, 1955) across the studies measuring phonological 
fluency. This provides an important indication that poor fluency identified in the brain injured 
group on phonemic tasks is not an artefact of reduced intelligence generally, or inferior 
verbal skills. The effect of slowed information processing speed on performance across the 
thirty studies could not be ruled out however; brain injury accounted for considerably more 
variance in fluency performance than processing speed measured by the Trail Making Test –
Part A (TMT-A) (W. Reitan, 1990), but not significantly so. The same analyses could not be 
completed for the semantic data because too few studies have been published in the area. 
According to our current maps of brain functionality, poor executive function following 
brain injury is considered reflective of frontal lobe damage (Baldo & Shimamura, 1998; 
Jurado et al., 1997; Jurado et al., 2000; Parks et al., 1988). Semantic fluency, while shown to 
be sensitive to frontal lobe functionality (Owen, Downes, Sahakian, Polkey, & Robbins, 
1990; Pujol et al., 1996; Stuss et al., 1998) has generally been associated with left temporal 
lobe activation (Grossman, 1981; Henry & Crawford, 2004; A. Martin, Wiggs, Lalonde, & 
Mack, 1994). The clearest evidence has come from fMRI data obtained in healthy controls 
(Pujol et al., 1996), and temporal regions have already been established as vital for object 
perception, recognition, imagery and naming (Martin et al., 1994; Pujol et al., 1996; Stuss et 
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al., 1998).  As such, the literature generally points to the involvement of two overlapping but 
dissociable systems during phonological and semantic based fluency tasks (Jurado et al., 
2000; Zakzanis, McDonald, & Troyer, 2011).  In addition to frontal executive function, the 
latter theoretically relies on the organisation of the semantic memory store (See Chapter 3: 
Section 3.3.2: Fluency, Memory Structure and Strategy).  
To date, there is clear empirical support for theoretically overlapping but dissociable 
pathways. Work has shown that patients with frontal lobe lesions do produce fewer items 
than controls on both phonological and semantic tasks, implicating the frontal lobes more 
generally in the organisation, initiation, and retrieval of appropriate words needed for both 
task types (Baldo & Shimamura, 1998). Temporal lobe sensitivity during semantically driven 
fluency has been confirmed by a number of study designs including an imaging study using 
healthy controls (Pujol et al., 1996), research done in temporal lobe atrophy (intact frontal) in 
dementia (Mummery et al., 2000), and a lesion location-based analysis (Henry & Crawford, 
2004). However, some exceptions have been noted. Jurado et al. (2000) identified frontal 
lobe lesions by MRI and showed reduced word size to the phonemic category only. Even 
more uniquely, not all patients illustrated a fluency deficit, even in the presence of large 
bilateral fontal lesions.  Similarly, patients with damage to the left anterior temporal region 
were shown by Stuss et al. (1998) to have intact semantic fluency production relative to 
controls, although this result was borderline (p < .07).  Despite these exceptions, in sum the 
literature advocates distinguishable frontal and temporal involvement in phonemic and 
semantic fluency respectively.  
4.3.2.1 Left versus right hemispheric lesions. 
The established relative laterality of hemispheres pertaining to verbal (left 
hemisphere) and visual-spatial (right hemisphere) processing also holds true in the TBI 
literature. Patients with left hemisphere lesions have been shown to perform worse on verbal 
tests (Miceli, Caltagirone, Gainotti, Masullo, & Silveri, 1981), and patients with left temporal 
lobe epilepsy (TLE) illustrate poorer performance on both phonemic and semantic tasks than 
those with right TLE (Martin et al., 1990). Left unilateral frontal lobe lesions have been 
associated with significant word fluency impairments relative to right hemisphere frontal lobe 
lesions (Benton, 1968; Janowsky, Shimamura, Kritchevsky, & Squire, 1989; Perret, 1974), or 
temporal and posterior lesions, which do not differ from each other (Perret, 1974). This has 
also been established in written verbal fluency (Thurston Word Fluency Test, TWFT) 
(Thurstone & Thurstone, 1949). Pendleton, Heaton, Lehman, and Hulihan (1982) showed that 
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the greatest impairment in written fluency was associated with frontal, relative to nonfrontal 
lesions, with left relative to right hemispheric lesions, and with left frontal, relative to right 
frontal lesions.  
On the other hand, Joanette and Goulet first reported a right hemisphere semantic 
fluency-specific deficit in 1986 following the assessment of thirty-five vascular right brain-
injured patients. These data led them to conclude that lexico-semantic processing is instead 
supported by processing in the right hemisphere (Joanette & Goulet, 1986), for which there 
has since been some additional supporting evidence, for example, in split-brain patients, and 
in a SPECT (Single Photon Emission Computer Tomography) study (see Goulet, Joanette, 
Sabourin, & Giroux [1997] for discussion). However, the authors challenged their previous 
conclusion in a 1997 study when they hypothesised that the fixed delivery order of the tasks 
(i.e., phonological followed by the semantic) may have caused higher rates of fatigue and 
reduced attention common in TBI patients, and that this may have been responsible for the 
poorer performance recorded for semantic fluency. Randomised delivery of semantic and 
phonological fluency tasks, among some other methodological changes, did in fact show that 
patients with right hemisphere injury were equally impaired across phonological and 
semantic categories (Goulet et al., 1997). At least one published study, however, remains 
inconsistent with these trends by showing equal impairment in patients with frontal lobe 
damage, independent of the side of the lesion (e.g., Miceli et al., 1981). 
4.3.2.2 Precise lesion sites. 
More recently, rather than the coarse comparison of left versus right and/or unilateral 
damage, Stuss et al. (1998) investigated fluency performance as a function of more precise 
frontal lobe lesion sites in seventy-four patients. The authors showed that patients with left 
dorsolateral and/or striatal lesions illustrated the poorest performance, and moderate 
impairment was associated with superior medial frontal damage to either left or right 
hemisphere, and to left parietal damage (but not left anterior temporal damage). This was true 
for both phonological and semantic fluency tasks; except that semantic fluency performance 
was also impaired by patients with right dorsolateral and inferior medial region lesions (see 
Figure 4.11). Moreover, phonological fluency was not significantly impaired in patients with 
damage to any of the following regions: the right dorsolateral cortical or connecting striatal 
regions; the right posterior area; or the medial inferior frontal lobe of either hemisphere 
(Stuss et al., 1998). 
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Figure 4.11.  Letter-based (F-A-S total) and semantic (animals) average fluency scores by group; 
RDL = right frontal dorsolateral and/or lenticular striate; LDL = left frontal dorsolateral and/or 
lenticular striate, SM = superior medial frontal involvement from LF, RF or BF patients, either in 
isolation or in combination with inferior medial lesions; IM = inferior medial frontal lobe involvement 
from either RF, LF or BF lesions; RNF = right nonfrontal involvement; LP = left parietal damage; LT 
= left temporal damage. Taken from Stuss et al. (1998).   
 
Functional imaging research provides even greater precision. Where positron 
emission tomography (PET) scans have supported both frontal and temporal lobe 
involvement in fluency performance (Frith, Friston, Liddle, & Frackowiak, 1991; Parks et al., 
1988), functional magnetic resonance imaging (fMRI) studies point to the particular 
involvement of the left inferior frontal gyrus (Paulesu et al., 1997; Phelps, Hyder, Blamire, & 
Shulman, 1997) specific to the posterior opercular portion (Paulesu, et al., 1997), as well as 
the anterior cingulate (Phelps et al., 1997), left thalamus (Paulesu et al., 1997), and left 
middle frontal gyrus (Pujol et al., 1996) during phonemic fluency tasks. In contrast, the left 
retrosplenial region has been implicated during semantic fluency tasks (Paulesu et al., 1997) 
(See Figure 4.12).  
4.3.2.3 Clustering and switching. 
Irrespective of the fluency type, clustering and switching rely on processes that 
incorporate both the executive functions and the integrity and organisation of the semantic 
memory store (Kave et al., 2011; Troyer, Moscovitch, & Winocur, 1997). As described in 
Chapter 3: Section 3.3.2: Fluency, Memory Structure and Strategy clustering involves the 
retrieval of words that are associated by their meaning. While this is technically a 
semantically-driven strategy and typically prominent in the semantic fluency task, even 
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where the goal is phonemic, meaning-based clusters are often formed (for instance, words 
beginning with the letter ‘S’; slither, snake, sin), and this reflects the lexical stores of the 
semantic memory system. Meanwhile, as illustrated in lesion and imaging research, both 
tasks rely on frontal lobe executive functioning for effortful strategic search, response, 
monitoring, flexibility, and set shifting, which together allows for switching to a new cluster 
once the present one is exhausted.  
 
 
Figure 4.12. Top: on the left, a cortical rendering of the lateral surface of the left hemisphere 
illustrates the location of the area which was activated to a significantly greater extent during 
phonemic verbal fluency – the posterior opercular portion of the left IFG (BA 44/6). On the right, the 
graph illustrates the time course of the BOLD contrast for this area. Bottom: on the left, the 
restrosplenial posterior cingulate (BA 31), which was activated to a greater extent by semantic 
fluency, is illustrated on a medial view of the left hemisphere. On the right, the graph illustrates the 
time course of the BOLD contrast for the most significantly activated voxel in this area.  Taken from 
Paulesu et al. (1997).  
 
In theory, then, the number of clusters and switches can be considered reflective of 
executive functionality, whereas the size of the cluster may be indicative of the semantic 
memory store (Kave et al., 2011). With this in mind Kave et al. (2011) reported reductions in 
total output, number of switches, and number of clusters on both tasks by TBI patients, but no 
differences in mean cluster size. Although patients who had sustained a TBI demonstrated 
greater deficits to semantic relative to phonemic fluency, the data was considered indicative 
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of impaired executive functionality given that the deficit was shown to switching (i.e., 
theoretically executive) rather than clustering (i.e., theoretically semantic). The assessment of 
lesion location in their patient group would have complemented this data well given the 
established literature implicating frontal lobe functionality with executive systems (Baldo & 
Shimamura, 1998; Jurado et al., 1997; Jurado et al., 2000; Parks et al., 1988) and temporal 
lobe functionality with semantic memory (Grossman, 1981; Henry & Crawford, 2004; A. 
Martin et al., 1994; Pujol et al., 1996).  However, the authors failed to report injury 
information for their sample (hemispheric, lobe, or otherwise). 
Other interesting findings have come from the analysis of clustering and switching. 
Grossman (1981) showed differences in the contents of clusters according to left versus right 
hemispheric injury. Under fluency task conditions, patients with left hemisphere injury 
produced words that rarely have common attributes, whereas patients with right hemisphere 
injury produced many clusters of related items. Troyer et al. (1997) investigated cluster and 
switching abilities according to injury location directly and showed that, in line with the 
established literature, patients with frontal lobe lesions were unimpaired in clustering. 
However they switched significantly less once a cluster was exhausted on both phonological 
and semantic fluency
26
.  The patients with temporal lobe lesions instead showed unimpaired 
performance in terms of both clusters and switches to the phonological fluency task, however 
their semantic fluency performance was characterised by fewer switches. Patients with injury 
confined to the left temporal lobe also produced smaller clusters than patients with right 
temporal lobe injury, consistent with Grossman’s (1981) work. Given that switching is 
considered an executive function the authors speculated that impaired switching on semantic 
fluency may result from damage to pathways connecting frontal and temporal regions (and 
thus, represent additional frontal dysfunction by proxy). This also explains why switching 
was normal for the phonological task because phonological fluency does not rely on anterior 
temporal regions, and/or connecting pathways to the frontal lobe. Smaller clusters shown for 
semantic fluency were explained by the dependence of this task on the integrity of the 
semantic memory store (Troyer et al., 1997).  Still, contrasting findings have been reported. 
Stuss et al. (1998) showed no group effects on mean cluster size or on the proportion of 
clusters to total output for either phonological or semantic fluency, irrespective of lesion 
                                                          
26
 Although a frontal lobe group effect was found, it was patients with left dorsolateral frontal and superior medial frontal 
injury that illustrated switching impairment, whereas injury in the right dorsolateral frontal and inferior medial frontal 
regions was associated with unimpaired switching ability.  
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location. This was illustrated in both original patient groupings and following predictive 
(regression) re-categorisation of patients according to performance.  
4.3.2.4 Injury severity. 
Similar to visual-perceptual impairment, direct comparisons of fluency deficits 
according to the degree of injury post TBI have rarely been reported. Research has 
incorporated cohorts of mixed severity (mostly moderate to severe) (e.g., Troyer et al., 1997), 
or concentrated on either mild (e.g., Raskin & Rearick, 1996) or severe injury in isolation 
(e.g., Jurado et al., 2000). Work in mild TBI is most likely complicated by the variability in 
performance, where a number of individuals following mTBI perform at a level comparable 
to healthy controls, whereas others show deficits resembling those seen in moderate injury. 
As mentioned previously, the effects of mTBI are often quantitatively less, and faster to 
resolve (typically by three months), than those of moderate to severe injury (Binder, Rohling, 
& Larrabee, 1997; Schretlen & Shapiro, 2003). However, a portion of mTBI patients often 
complain of unremitting neuropathological symptoms, despite a lack of evidence for these 
symptoms on standard neuropsychological examinations (Leininger, Gramling, Farrell, 
Kreutzer, & Peck, 1990; Raskin & Rearick, 1996; Zakzanis et al., 2011).  These issues may 
explain some of the inconsistencies shown in the literature. For instance, Raskin and Rearick 
(1996) showed reduced performance on tasks of verbal fluency by patients following mTBI, 
but Leininger et al. (1990) reported no differences on phonological fluency.  
Zakzanis et al. (2011) suggested that currently available neuropsychological batteries 
may be unable to accurately capture unremitting symptoms experienced by mTBI patients. 
The authors sought to capture some of this symptomatology via the assessment of clustering 
and switching in the hope that these fluency subcomponents may be more sensitive to subtle 
impairments post injury. For instance, larger effect sizes have been shown using these 
component measures in other cohorts with established verbal fluency deficits (i.e., Moore et 
al. [2006] in schizophrenia patients, discussed in Chapter Three).  In a rare comparison, 
Zakzanis et al. (2011) measured clustering, switching, and fluency totals in mild, moderate, 
and severe injury, and in a healthy control group. The authors found no group differences in 
phonological fluency. For semantic fluency, the number of switches decreased as TBI 
severity increased, however, the mean cluster size actually increased according to injury 
severity. This latter result effectively indicates that their healthy control group was most 
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’impaired’ according to cluster size, however the authors did not comment on this finding27. 
As suggested by Troyer et al. (1997; see Section 4.3.2.3 Clustering and Switching) these data 
may indicate a breakdown in communication between networks of semantic memory and 
executive function (i.e., as indicated by switching ability), the extent of which is exacerbated 
according to the severity of injury. As such semantic fluency switching ability may provide 
an indication of lasting injury effects, even between mild and moderate injury, with semantic 
switches differentiating 32% of scores between mild and moderate, and 45% of scores 
between mild and severe injury (Zakzanis et al., 2011). 
In summary, the existing literature has demonstrated that traumatic brain injury is 
associated with impairments in language and communication (Ewing-Cobbs & Barnes, 2002; 
Hinchliffe et al., 1998; LeBlanc et al., 2006; Moran & Gillon, 2004).  Semantic fluency 
impairments require further investigation, although current evidence has shown reduced 
performance on both phonological and semantic tasks (Baldo & Shimamura, 1998; 
Grossman, 1981; Jurado et al., 1997; Jurado et al., 2000; Kave et al., 2011; Martin et al., 
1990). Furthermore, clustering and switching assessments appear to offer preliminary insight 
into the nature of these deficits, currently hypothesised to reflect a breakdown in connectivity 
between the semantic store and executive functionality (Troyer et al., 1997; Zakzanis et al., 
2011). 
4.4 Memory 
4.4.1 General memory deficits. 
Memory is extremely vulnerable to the effects of traumatic brain injury. Some work 
has claimed that it may be the most vulnerable of the cognitive functions (Tate et al., 1991), 
and the slowest to recover (Lezak, 1979), with deficits still apparent at ten years post-injury 
(Zec et al., 2001). Perhaps with the exception of already acquired procedural memory 
(Schmitter-Edgecombe & Nissley, 2000), virtually all aspects of memory have shown 
impairment as a result of head injury, including; encoding and consolidation (Wright & 
Schmitter-Edgecombe, 2011), visual and verbal memory (Ariza et al., 2006), spatial memory 
(Owen et al., 1990), working memory (McAllister et al., 1999; Owen et al., 1990), delayed 
memory (Schmitter-Edgecombe, Marks, & Fahy, 1993), prospective memory (i.e., memory 
for planned future actions) (Kinsella et al., 1996), episodic/autobiographical memory (or 
                                                          
27
 Elsewhere no differences in the amount of clusters have been shown between controls and patients for 
either types of fluency (Raskin & Rearick, 1996). 
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anterograde amnesia) (Carlesimo et al., 1998; Himanen et al., 2006), and semantic memory 
(McWilliams & Schmitter-Edgecombe, 2008; Perri, Carlesimo, Loasses, & Caltagirone, 
2000) (See Vakil, 2005 for comprehensive review). 
While memory deficits have been shown following mild, moderate, and severe traumatic 
brain injury (Lajiness-O'Neill, Erdodi, & Bigler, 2010), some nuances in the extent of 
impairment have been shown according to injury demographics.  Several published reviews 
have indicated a relationship between injury severity and memory following traumatic brain 
injury (e.g., Vakil, 2005); with some evidence suggesting that permanent memory 
impairment may be associated with a PTA beyond three weeks (Bennett-Levy, 1984). 
Working memory impairment may be more pronounced following severe injury in children, 
and may actually decline overtime, whereas deficits following mild to moderate injury seem 
to remain relatively stable (Krawczyk et al., 2010). Functional MRI work has also shown 
quite distinct differences in regional activation, according to both the pattern of activation 
(McAllister et al., 1999), and relative strength of activation (i.e., over-activation) during 
working memory tasks (Newsome et al., 2008). This is evidence of compensatory and 
inefficient over-recruitment of cortical activity in compensation for the loss of white matter 
post injury. Further, right hemispheric focal lesions may be associated with a greater deficit 
in episodic memory, particularly in the retrieval of personal events occurring in the year prior 
to the injury (Carlesimo et al., 1998), and memory for living things seems to be more 
vulnerable to the injury than memory for nonliving objects (Carlesimo et al., 1998; King, 
Hough, Vos, Walker, & Givens, 2006). As mentioned in Chapter One, bilateral damage 
limited to the hippocampal formation was shown to precipitate both reterograde and 
anterograde memory impairment in three case studies assessed by Rempel-Clower, Zola, 
Squire, and Amaral (1996, see Figure 4.13). Finally, visual and verbal memory 
impairment has been shown to conform to lateralised functionality, where focal right 
temporal lesions are associated with visual memory deficits and focal left temporal lesions 
are associated with verbal memory deficits (Ariza et al., 2006). Patients with diffuse axonal 
injury (DAI) show impairments to both (Ariza et al., 2006).  
4.4.2 Semantic memory abnormalities. 
Relative to the work devoted to other aspects of memory, disruptions to semantic 
memory following TBI have not been widely investigated. Still, some consistencies have 
emerged from the available literature that point to a loss of efficient semantic processing 
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Figure 4.13. The Rey-Osterrieth figure. Patients were first asked to copy the figure (small box at top 
left), then asked to reproduce the figure from memory 10-15 minutes later. The copy (top) and the 
reproduction (bottom) are shown from left to right for three patients; GD, LM, and WH, and for a 
control subject (CON) matched to the three patients with respect to age, education, and WAIS-R 
Vocabulary and Information subscale scores. Taken from Rempel-Clower et al. (1996), p.5237. 
 
ability post TBI. A number of methodologies have been employed including, subjective 
object description (McWilliams & Schmitter-Edgecombe, 2008), picture naming (Kerr, 1995; 
Perri et al., 2000), prose recall (Haut, Petros, & Frank, 1991a), list learning and recognition 
(Crosson, Novack, Rrenerry, & Craig, 1989; Crosson, Novack, Trenerry, & Craig, 1998; 
Levin & Goldstein, 1986), word finding (King et al., 2006), classic semantic priming (Perri et 
al., 2000; Schmitter-Edgecombe et al., 1993), and computational models of semantic 
structure (Devlin, Gonnerman, Andersen, & Seidenberg, 1998; Farah & McClelland, 1991). 
Overwhelmingly the work suggests that the semantic store and its organisation remain intact 
following TBI (Hinchliffe et al., 1998; McWilliams & Schmitter-Edgecombe, 2008; Perri et 
al., 2000; Schmitter-Edgecombe et al., 1993), and that deficits shown by patients on various 
semantic tasks reflect instead disrupted access and inefficient execution of semantic 
information (Haut, Petros, Frank, & Haut, 1991b; McWilliams & Schmitter-Edgecombe, 
2008; Perri et al., 2000). This is inferred from slower reaction times but comparable response 
patterns for TBI relative to neurophysiologically-intact individuals (McWilliams & 
Schmitter-Edgecombe, 2008; Perri et al., 2000), although alternate findings have also been 
published (e.g., Devlin et al., 1998; Hux, Beukelman, Dombrovskis, & Snyder, 1993). It is 
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also consistent with the trends established on tasks of verbal fluency (discussed in Section 
4.3: Language). 
In both prose recall (Haut et al., 1991a) and list learning research (Crosson et al., 
1989; Crosson et al., 1998; Levin & Goldstein, 1986), patients with head injury perform 
worse overall (i.e., recall less information in total), yet their ability to recall salient semantic 
details and use semantic category chunking/clustering strategies to facilitate their recall is 
generally matched with control performance. Such abilities reflect the intact structure and 
integrity of the semantic store. The priming data suggests the same (Perri et al., 2000; 
Schmitter-Edgecombe et al., 1993). Perri et al. (2000) used the semantic priming paradigm to 
investigate the hypothesised breakdown in both access and storage of semantic information 
(akin to the longstanding debate in schizophrenia, see Chapter Three: Section 3.3.3: 
Research in Schizophrenia: Access versus Storage).  Despite slower RT’s, the authors found 
comparable priming effects in severely injured TBI and control participants.  That is, 
patient’s responses reflected utilisation of the preceding prime to the same degree as controls, 
consistent with prior priming work in severe TBI (Haut et al., 1991b). However, reduced 
performance was shown by patients on measures of object naming and semantic judgement, 
although this was interpreted as reflective of executive deficits (i.e., reduced efficiency in the 
effortful and intentional retrieval of information) (Perri et al, 2000).    
Likewise King et al. (2006), in one of very few studies incorporating a mild TBI 
cohort, showed that mTBI patients were compromised in the retrieval of nouns and verbs 
using a word finding task (the Test of Adolescent Adult Word Finding; TAWF; German, 
1990). While the TBI group were less accurate than controls at naming nouns in particular, 
they showed widespread deficits in reaction times which led to the authors’ conclusion that 
the impairment is executive (i.e., processing speed) rather than a reflection of poor lexical 
access/retrieval. However, neither study (i.e., King et al., 2006; Perri et al., 2000) included a 
standard executive function measure to confirm the existence and/or extent of executive 
impairment in their respective patient groups.  
On the other hand, some authors have proposed that the integrity of the semantic store 
is in fact compromised following brain injury (Devlin et al., 1998; Hux et al., 1993). Hux et 
al. (1993) demonstrated that patients with severe TBI related superordinate-subordinate 
information in an idiosyncratic manner. Associations were more likely to be based on past 
experience and personal preference than according to the typical and anticipated 
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relationships, such as the superordinate category of ‘aquatic animals’ being related to the 
subordinate category of ‘fish’. (See Figure 3.7a, Section 3.3.3: Research in schizophrenia: 
Access versus storage).   
McWilliams and Schmitter-Edgecombe (2008) found a similar absence in the 
reporting of superordinate category information by patients with various levels of injury 
severity. However, they concluded instead that this was reflective of reduced efficiency in the 
access of an intact semantic store. They asked participants to describe both living and non-
living objects. TBI patients produced definitions that less often incorporated the core concept 
related to the object (i.e., could a blind rater identify the object?), its superordinate category 
(i.e., Toaster; “it’s an appliance”), and specific physical features (i.e., Camel; “they have a 
hump on the back”). Importantly, the authors reasoned that if the data were reflective of a 
breakdown in the semantic store then a differential pattern of responses would be shown 
from TBI and neurologically normal groups, particularly regarding feature-based 
information. Instead the patterns were comparable, with both groups producing more specific 
feature information about objects than general information, and similar amounts of 
information for living and non-living items (McWilliams & Schmitter-Edgecombe, 2008). 
Moreover, both groups produced more physical (or sensory) specific information for the 
living objects and more associative (or functional) information for the non-living objects, 
which is consistent with the hypothesis that functional information is more important in the 
description of non-living objects (i.e., toaster), whereas physical information is more 
important in the description of living objects (i.e., camel) (Devlin et al., 1998; Farah & 
McClelland, 1991; McWilliams & Schmitter-Edgecombe, 2008)
28
.  
However, McWilliams and Schmitter-Edgecombe (2008) ran correlational analyses 
with the object descriptions and results obtained on a lengthy neuropsychological battery.  
While TBI patients showed significant correlations between object descriptions and other 
picture naming tasks, as well as semantic and phonological fluency, the control sample did 
not. This suggests that alternate cognitive deficits may influence performance on semantic 
tasks (such as the description of objects) post TBI. Given the established executive function 
and processing speed impairments in TBI, and the neuropsychological impairments 
demonstrated by their own patient’s assessments, the effect of these confounds should have 
                                                          
28
 Elsewhere mild traumatic brain injured patients have recorded increased accuracy in the naming of living 
versus non-living items (King et al., 2006). 
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been adequately investigated (e.g., covariates) (see following Sections: 4.6: Executive 
Function and 4.6.4: Processing Speed).  
4.4.2.1 Injury demographics: Lesion location and injury severity. 
Although the semantic memory literature generally indicates a similar pattern of 
findings in TBI, an obvious consideration is curiously missing from the majority of authors to 
date.  As discussed at length in the previous Section 4.3.2 Verbal fluency deficits, research 
has associated semantic memory and semantic processing with the temporal lobe (Grossman, 
1981; Henry & Crawford, 2004; Martin et al., 1994; Pujol et al., 1996). In fact, brain injury 
case studies who underwent a comprehensive semantic memory battery showed that the left 
temporal neocortex was fundamental in the proficient and accurate processing of semantic 
information (Wilson, 1997).  Yet the majority of work has not considered the influence of 
lesion location when investigating semantic processing in patients who have experienced a 
head trauma. Some authors have either acknowledged and/or reported the potential influence 
of certain injury characteristics, such as duration of post-traumatic amnesia (PTA) and/or 
time since injury, yet have failed even to note lesion location when defining their sample, for 
example in Haut et al. (1991a), and McWilliams and Schmitter-Edgecombe (2008). Others 
may have provided sufficient injury information, indicating a mix of patients that 
incorporated both frontal and temporal injury, yet ran their analyses irrespective of lesion 
location (i.e., patients with TBI constituted one group), for example in Carlesimo et al. 
(1998), Perri et al. (2000), and Kerr (1995). Just as problematic, some work has included 
information regarding the cause of injury and then inferred the likely ensuing cortical 
damage. For instance, Schmitter-Edgecombe et al. (1993) stated that the majority of their 
patients had suffered their TBI as a result of a motor vehicle accident and thus made the 
assumption that their cohort had diffuse axonal injury (DAI); given the “high velocity” and 
“long-acceleration” of this kind of impact (p. 138).  Of course, even if it is likely, this is not 
necessarily the case, and lesion location, especially where it presents a likely substantial 
mediator, should never be assumed in analyses.   
There have been only a few exceptions where authors have controlled well for lesion 
location. An example of this is research by King et al. (2006) who ensured diffuse axonal 
injury in their mTBI sample from CT scans. Alternative work that has sought to assess the 
impact of diffuse injury versus specific lesions, for instance, in Devlin et al. (1998) who used 
participants with herpes encephalitis (specific sites of injury) and Alzheimer’s patients 
(diffuse injury) is valid, but should not be considered sufficient for the direct generalisation to 
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cohorts where brain injury is the result of a blunt trauma to the head, even where similarities 
have been shown (e.g., in Wilson, 1997).  
Finally, as has been shown from the cognitive neuropsychological domains already 
reviewed, researchers typically recruit one severity cohort; for instance, mild (King et al., 
2006), or severely injured patients (Haut et al., 1991b; Perri et al., 2000). Haut et al (1991a) 
published an isolated example of semantic recall investigated in both severe and moderately 
injured patients. Their data demonstrated that recall amount, but not semantic content, is 
mediated by injury severity. This example, along with investigations of other memory 
domains shown to be mediated by injury type and severity (see Section 4.4.1: General 
memory deficits), indicates that the systematic investigation of injury demographics and 
semantic memory is necessary. 
To summarise, significant general memory impairments have been documented 
following mild to severe traumatic brain injury, with the extent of the memory deficit 
seemingly proportionate to the extent of damage to the brain (Ariza et al., 2006; Bennett-
Levy, 1984; Lezak, 1979; Vakil, 2005). In spite of this, the organisation of the semantic 
memory network appears to remain intact post injury (Crosson et al., 1989; Haut et al., 
1991a; Levin & Goldstein, 1986; Perri et al., 2000). Reduced performance in TBI on 
semantic priming paradigms is often interpreted as indicative of poor executive processes, 
although confirmation using standardised executive measures is required (McWilliams & 
Schmitter-Edgecombe, 2008; Perri et al., 2000).  
4.5 Probabilistic Reasoning 
4.5.1 Reasoning anomalies? 
Probabilistic reasoning has not been investigated in traumatically brain injured 
cohorts to date. This is a substantial oversight given that reasoning abilities have been shown 
to rely on the executive functions including attention and inhibition, language, and memory, 
all of which are typically impaired following brain injury (see the following Section 4.6: 
Executive Function for discussion) (Krawczyk et al., 2010; Morrison et al., 2004). A number 
of other reasoning abilities have been investigated and generally appear reduced following 
TBI. These include deficits in theory of mind (ToM) abilities, which fall under inferential 
reasoning (i.e., literally inferring another’s state of mind for a given situation [Bibby & 
McDonald, 2005; Geraci & Cantagallo, 2011]), analogical reasoning (i.e., relational 
[semantic] reasoning requiring an individual to consider abstract relations among items when 
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solving problems, Krawczyk et al., [2010]), and deductive reasoning (i.e., where all 
information eventually points to the correct answer, Goverover, [2004]). 
However, this work too is in its infancy, and vital considerations have again been 
overlooked. For instance, Hiscock, Inch and Gleason (2002) reported poorer performance in 
adult TBI on the Raven’s Progressive Matrices Task which measures relational/analogical 
reasoning (Krawczyk et al., 2010; Morsanyi & Holyoak, 2010). However, their sample 
included both open (i.e., skull fractures and penetrating head wounds) and closed head injury, 
and these were analysed as one cohort. Some injury demographics such as duration of coma, 
latency between injury and testing, and length of hospitalisation were reported, however, 
lesion location was not.  Again, this is a significant oversight because the literature indicates 
that patients show differential deficits in analogical reasoning according to the location of 
cortical degeneration (Morrison et al., 2004). For instance, across picture and verbal 
analogies, patients with frontal lesions showed errors related to poor inhibition and working 
memory, whereas temporal lobe lesions were associated with meaning (semantic) based 
impairment (Morrison et al., 2004).  
More generally, probabilistic and deductive reasoning have been shown to increase 
regional cerebral blood flow bilaterally in the mesial frontal region and in the cerebellum in 
healthy individuals. However, probabilistic reasoning was distinct in left dorsolateral frontal 
regions, whereas deductive reasoning was characterised by right hemispheric regional blood 
flow, as well as enhancements in associative occipital and parietal regions (Osherson et al., 
1998). This work has clear implications for the assessment of reasoning abnormalities in TBI 
patients according to lesion location, and the likely effect of injury severity as well. Overall, 
there is a void in the literature in this area. Empirical research is warranted by deficits shown 
in other forms of reasoning (Bibby & McDonald, 2005; Geraci & Cantagallo, 2011; 
Groverover, 2004; Krawczyk et al., 2010), and by the lateralisation shown to probabilistic 
and deductive forms of reasoning (Osherson et al., 1998).  
4.6 Executive Function 
4.6.1 Executive dysfunction. 
As described in Chapter Three (Section 3.6: Executive Function), executive 
functioning broadly involves effortful cognition, including control, flexibility, planning, and 
execution, all typically associated with frontal lobe functionality. As per Chapter Three, a 
discussion will follow on executive function generally, followed by the review of the 
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inhibition and switching, attention, and processing speed literature in TBI. Often these are 
inextricably linked, especially with regard to the measures from which aptitude in one or 
more of these areas is inferred. For example, the Stroop task can be used to measure all three; 
inhibition and switching, attention, and processing speed.   
Unlike aspects of reasoning, extensive work has investigated executive dysfunction 
following traumatic brain injury, and while some of the nuances in the TBI population remain 
unclear, research has typically reported reduced cognitive function post injury (Ponsford, 
Draper, et al., 2008; Senathi-Raja, Ponsford, & Schonberger, 2010). Kersel et al. (2001) used 
the Similarities subtest from the WAIS-R and the Controlled Oral Word Association Test on 
adults with severe traumatic brain injury (N = 65). Forty five per cent and sixty nine per cent 
were shown to have mild to severe levels of impairment on these tests at six months post-
injury, respectively. This had only dropped slightly at the one year mark; thirty eight and fifty 
five per cent, respectively.  Elsewhere, meta-analytic research has sought to quantify 
executive deficits following TBI using estimates of effect size. These have, however, been 
inconsistent, with some work reporting small effect sizes (i.e., Belanger, Curtiss, Demery, 
Lebowitz, & Vanderploeg, 2005; Frenchmen, Fox, & Mayberry, 2005), and others finding the 
effect to be much larger (i.e., Mathias & Weaton, 2007).  
4.6.1.1 Lesion location. 
There is a high likelihood of damage to the frontal lobes following a traumatic brain 
injury, and thus it stands to reason that executive functions would be compromised 
(Krawczyk et al., 2010; Lipton et al., 2009). Prefrontal regions, especially the dorso-lateral 
prefrontal cortex (DLPFC), are particularly vulnerable to injury because of their proximity to 
the sphenoidal ridges and bony protrusions at the base of the skull (Krawczyk et al., 2010) 
(see Chapter One; 1.3.2: The neuroanatomical vulnerabilities of the brain to TBI). These 
same regions, including the DLPFC have been implicated in executive function (Lipton et al., 
2009).  Executive deficits can also occur due to lesions outside of frontal regions but part of 
integral neuronal pathways in frontal networks (Rieger & Gauggel, 2002).  In fact, Anderson, 
Bigler, and Blatter (1995) showed that the presence and/or absence of frontal lobe lesions in 
sixty-eight TBI patients was unable to predict executive function performance using the 
Halstead Category Test and Wisconsin Card Sorting Test. No differences in performance 
were shown according to lesion location. They present MRI scans of an interesting case 
comparison where task performance was in the opposite direction than expected (i.e., 
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executive impairment was shown by the patient without a frontal lobe lesion, see Figure 
4.14).  
Elsewhere both frontal and temporal regions have been implicated in cognitive 
control, and focal as well as diffuse injury has been linked with reductions in gray matter 
(Beauchamp et al., 2011b; Berryhill et al., 1995; Krawczyk et al., 2010), white matter 
(Beauchamp et al., 2011b; Wilde et al., 2005) and generally diffuse cortical thinning in these 
regions (Merkley et al., 2008). Lipton et al. (2009) showed that even in very mild TBI 
executive dysfunction was apparent and differentiated by lower DLPFC fractional anisotropy 
(FA), which indicates reduced white matter tracts (see Figure 4.15).  The size of the frontal 
lobe lesion has also been shown to enhance the relationship between task performance and 
injury severity (Levin et al., 1993). 
 
 
 
Figure 4.14. MRI scans of two TBI patients with very different performances on the WCST and 
Halstead Category Test. (Left) T2-wieghted axial plane image demonstrating significant bifrontal lobe 
damage, with neuropsychological scores within normal limits. (Right) T2-wieghted axial images from 
another TBI patient with no focal frontal lobe lesions, yet with significant impairment on 
neuropsychological tests. Taken from Anderson et al. (1995).  
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Figure 4.15. Frontal lobe white matter deficits in mTBI. Colour overlays on template brain images 
show region 1 where frontal white matter fractional anisotropy is lower in the patient group. Taken 
from Lipton et al. (2009).  
 
4.6.1.2 Other mediators: Injury severity, age, and time since injury. 
The relationship between injury severity and impairment in executive function is still 
poorly understood. One meta-analytic review reported that the effect of moderate to severe 
traumatic brain injury was more than three times the effect of mTBI on overall cognitive 
function (Schretlen & Shapiro, 2003).  Schretlen and Shapiro (2003) also reported that 
overall cognitive function recovers most rapidly during the first few weeks following mild 
injury, and may recover fully within the first three months. This is not so following moderate 
to severe injury which generally shows improvement to cognitive function within the first 
two years but remains markedly impaired after this time (Schretlen & Shapiro, 2003), and 
may persist beyond ten years (Ponsford, Draper, et al., 2008). 
At least some executive dysfunction is shown following mTBI (Erez, Rothschild, 
Katz, Tuchner, & Hartman-Maeir, 2009; Hartikainen et al., 2010; Lipton et al., 2009; 
Ponsford et al., 2011). Patients often report ongoing subjective memory and concentration 
problems, although some researchers have failed to find differences between mTBI and 
control groups (Anderson & Knight, 2010; Ord, Greve, Bianchini, & Aguerrevere, 2010; 
Ponsford et al., 2011). Furthermore, some impairments may be specific to isolated aspects of 
executive function such as goal setting (Beauchamp et al., 2011a) and multi-tasking 
(Anderson & Knight, 2010), rather than evident on executive function batteries. This may 
explain null results from some studies. In patients who have sustained a moderate to severe 
injury the literature typically agrees on pronounced executive dysfunction. In one study 
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patients with persistent symptoms following moderate injury demonstrated reduced executive 
function on a range on neuropsychological tests, along with indications of disrupted fronto-
striatal networks on diffusion tensor images (Hartikainen et al., 2010). Patients post severe 
injury have demonstrated large and significant deficits across the gamut of executive 
neuropsychological constructs, including information processing speed and various aspects of 
attention (Mathias & Weaton, 2007).  
Inconsistencies have also been shown in the literature with regard to the effect of age. 
While some data has indicated that individuals injured at younger ages perform better than 
those who sustain injury at an older age ( Beauchamp et al., 2011a; Senathi-Raja et al., 2010), 
elsewhere work has suggested that children and adolescents may be more sensitive to long-
term effects given that the injury complicates the maturational course of executive function 
development (MacNeill Horton Jr., Soper, & Reynolds, 2010). Moreover, it has been shown 
that adolescents with more severe TBI may underestimate their own degree of executive 
dysfunction (i.e., poor metacognition) (Wilson, Donders, & Nguyen, 2011); although, a 
similar relationship has also been shown in adults (Ciurli et al., 2010).  
Finally, some work has shown that performance on executive measures may also be 
mediated by time since injury (Dimoska-Di Marco, McDonald, Kelly, Tate, & Johnstone, 
2011; Senathi-Raja, et al., 2010). This finding, too, has not been consistent, with other meta-
analyses reporting no such relationship (Frenchmen et al., 2005; Mathias & Weaton, 2007). It 
stands to reason that better executive abilities would be recorded for individuals with a better 
course of recovery over time, and that a greater time since injury is more likely to be 
associated with better recovery. However, inconsistencies from the meta-analytic literature 
are not explained by differences in injury severity, and severity is one of the variables most 
likely to mediate the recovery process (Ponsford, Draper, et al., 2008; Schretlen & Shapiro, 
2003). 
In short, while there have been some inconsistencies, it is clear that the executive 
functions are generally impaired following trauma to the brain, and it stands to reason that the 
extent and longevity of this impairment would be mediated by the severity and location of the 
injury, as well as the time since injury and age it was sustained. This has been shown by most 
research to date. Moreover, despite the goal of previous work to elucidate a post-injury 
prognosis generalisable to all patients, it seems that the resilience of the executive functions 
may be mediated by variables at both the individual and injury-based levels.  
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4.6.2 Mental inhibition and switching. 
Over the last decade in particular, empirical investigations have begun to focus on 
damaged mechanisms of inhibition post traumatic brain injury (Duncan, Kosmidis, & Mirsky, 
2005; Rao & Lyketsos, 2000). Behavioural inhibition has been shown in this cohort, where a 
failure to inhibit impulsive and/or socially inappropriate behaviour, both physical and verbal, 
is apparent (N. LeBlanc et al., 2005; Rao & Lyketsos, 2000). Rao and Lyketsos (2000) refer 
to these symptoms as part of a behaviour dyscontrol disorder, prevalent in five to seventy per 
cent of patients following TBI, irrespective of injury severity.  Empirical paradigms designed 
to assess effortful suppression of a motor response (i.e., inhibition) have all reported response 
inhibition failures post TBI. These include the go/no-go task (Levin et al., 1993; O'Keeffe, 
Dockree, Moloney, Carton, & Robertson, 2007; Roche et al., 2004), stop-signal task (Floden 
& Stuss, 2006; Logan, 1994), and the Continuous Performance Task (CPT; Conners, 1995, 
Duncan et al., 2005). 
As discussed at length in Chapter Three (Section 3.6.3: The colour Stroop paradigm), 
the Stroop test is commonly used to assess cognitive inhibition. Similar to the data reported in 
schizophrenia, much of the work in TBI reports significantly larger Stroop effects for patients 
post injury. However, a closer look at the Stroop data from brain injured cohorts reveals that 
reported Stroop differences are most often shown to the control conditions (i.e., word reading 
and colour naming) or the incongruent condition in isolation (i.e., words of colours written in 
incongruent coloured ink), rather than an interference score (See Chapter Three, Figure 3.13 
and Appendix C for Interference Score Calculation) (Larson, Kaufman, Schmalfuss, & 
Perlstein, 2007; Stuss et al., 1985). The Stroop task reflects a number of perceptual and 
cognitive processes, including attention and processing speed, thus it is imperative that the 
interference score is calculated and used in analysis where inhibition is the variable of interest 
(Dimoska-Di Marco et al., 2011). Although, in one study where the interference score was 
correctly calculated, Stroop inhibition differences were accounted for by slowed processing 
speed in analysis, suggesting that a true inhibition effect may not exist (Rios et al., 2004). 
However, this analysis may be suspect given that; (i) the derived score was calculated to 
already theoretically account for processing speed/attentional impairments, and (ii) there is no 
indication in this study as to whether the analysis of covariance applied was statistically 
appropriate (Miller & Chapman, 2001).  Still, trends indicating that prominent deficits are 
specific to processing speed and attentional control, among other factors (i.e., fatigue), rather 
than inhibition on the Stoop task have been reported in two meta analytic reviews (Dimoska-
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Di Marco et al., 2011; Mathias & Weaton, 2007).  Further, where inhibition derived scores 
have not been calculated, some studies have reported no impairment to Stroop subtests, and 
this appears to be unrelated to injury severity; DAI (Schroeter et al., 2007), severe injury 
(Larson et al., 2007; Ponsford & Kinsella et al., 1992), mixed severity (Stuss et al., 1985). 
An increased latency between word reading and colour naming on the Stroop task has 
also been shown by one meta-analysis incorporating ten studies (Ben-David, Nguyen, & van 
Lieshout, 2011). The authors suggested that this may be evidence of additional sensory-based 
impairments effecting colour naming ability (Ben-David et al., 2011). Sensory-related 
deficits are more likely to exist in patients with damage specific to the visual system/occipital 
lobe (reviewed in Section 4.2.2: Disruptions to Vision).  However, the TBI patients used in 
analysis included both moderate and severely injured patients, and relevant injury 
demographics (i.e., focal lesion versus diffuse injury) were once again omitted from sample 
descriptions and analyses.  
4.6.2.1 Stroop task neuroimaging. 
Differential patterns of activation during Stroop performance have been reported in 
neuroimaging work. Healthy controls tend to show activity in regions associated with active 
cognitive control over behaviour (i.e., the dorsolateral prefrontal cortex) (Petrides, 2005), and 
interference and selective attention (i.e., the anterior cingulate cortex) (Bush, Luu, & Posner, 
2000). Brain injured patients, however, show activation in these same regions, as well as in 
surrounding cortex, and often to a greater degree (Goethals et al., 2004; Mani, Miller, 
Yanasak, & Macciocchi, 2007; Soeda et al., 2005; Tlustos et al., 2011). Soeda et al (2005) 
hypothesised that these patterns of activation may reflect reduced interconnectivity between 
anatomical regions and associated networks as a result of the brain trauma. Given that these 
regions are established as integral to cognitive control (i.e., inhibition) and cognitive 
interference/selective attention, these patterns may provide evidence for differential 
mechanisms of inhibition and interference during the Stroop task in brain injured cohorts, not 
yet captured behaviourally. 
 Electrophysiologically, impaired cognitive control and cognitive evaluation following 
brain injury has been suggested from event-related potentials (ERPs). The N450, a marker of 
cognitive control, differentiates congruent and incongruent Stroop trials in healthy controls 
(West, 2003). In traumatic brain injury this ERP is attenuated, and no amplitude or latency 
differences are shown to congruent versus incongruent stimuli (Perlstein, Larson, Dotson, & 
Kelly, 2006). Attenuated error-negativity/error-related negativity (Ne/ERN) waveforms 
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during Stroop performance are shown, indicating poor evaluative control and performance 
monitoring (Larson et al., 2007). Patients also show delayed latencies to N200/P300 
waveforms during go/no go tasks (i.e., behavioural inhibition), and this provides further 
indication of slowed stimulus processing post TBI (Campbell & de Lugt, 1995; Clark, 
O'Hanlon, Wright, & Geffen, 1992; Roche et al., 2004; Spikman, van der Naalt, van 
Weerden, & van Zomeren, 2004). 
4.6.2.2 Mental switching. 
Task switching measures cognitive flexibility and involves the change from one 
attentional focus to another according to task demands (see Chapter Three: Section 3.6.2: 
Mental Inhibition and Switching). The Stroop task has been considered the ‘Gold Standard’ 
assessment of attention, processing speed, and inhibition in TBI and has been used widely 
(Ben-David et al., 2011). However, it appears that the Stroop switching condition (see 
Chapter Three, Figure 3.13) has not been used in this cohort to date, with the exception of 
work from Perlstein’s group who have used a modified version (Perlstein et al., 2006; 
Seignourel et al., 2005). These authors have assessed mild, moderate, and severely injured 
patients on a novel, cued, single trial computerised version of the Stroop switching condition 
(see Cohen, Barch, Carter, & Servan-Schreiber, 1999). They reported that chronic moderate 
to severe TBI, but not mild TBI, was associated with deficits on this task (Perlstein et al., 
2006; Seignourel et al., 2005). More severely injured cases, then, may suffer from reduced 
cognitive flexibility (i.e., switching) where the goal is to adhere to the changing of task rules.  
Another method of assessing switching ability is by using the Trail Making Test 
(TMT; Reitan, 1958). The test comprises two forms. Form A, given first, displays numbers 
from 1-25 in a random arrangement and participants are required to draw a line between the 
numbers in ascending order as quickly as possible. Form B is identical except that both 
numbers and letters are presented and participants are required to draw in ascending order, 
alternating from number to letter (i.e., 1-A, 2-B, 3-C) (see Appendix D). The task is 
commonly used to measure processing speed, however, where a difference score is obtained 
between forms A and B, a measure of attentional switching while controlling for processing 
speed is computed (Reitan, 1955, 1958; Rios et al., 2004). Rios et al. (2004) gave both the 
Stroop and Trail Making Task to twenty-nine severely injured patients and, in keeping with 
the literature already reviewed, found that processing speed accounted for differences initially 
shown on the Stroop task, but not on the Trail Making Task. As such, their data indicate 
impairment in cognitive switching following TBI, over and above the effects of slowed 
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information processing. Note that while Rios et al. (2004) calculated the Stroop interference 
score, they did not employ the fourth Stroop switching condition, and thus, their Stroop and 
Trail Making tasks are in effect measuring different constructs; inhibition and switching 
respectively.   
4.6.2.3 Injury severity and lesion location. 
As already mentioned injury severity may mediate cognitive inhibition and switching 
abilities post brain injury, although more research comparing severity directly is needed. Like 
much of the TBI literature, some work using inhibition or switching tasks has made no 
mention of injury related information at all (e.g., Roche et al., 2004), while others have 
included the bare minimum (e.g., Duncan et al., 2005; Rios et al., 2004; Spikman et al., 2004; 
Stuss et al., 1985), or partial information (e.g., Perlstein et al., 2006; Soeda et al., 2005). 
Further, elsewhere, research that has provided a clear breakdown of injury related 
demographics fail to incorporate this information in their analyses (e.g., Clark et al., 1992; 
Larson et al., 2007; O'Keeffe et al., 2007; Ponsford & Kinsella, 1992) .  
The same is true in meta-analytic research. Ben-David et al. (2011) provided no injury 
information except to indicate that patients had sustained moderate to severe injuries across 
ten studies. Dimoska-Di Marco et al. (2011) obtained injury severity information for subjects 
in all thirty-nine studies included in review, and classified these into mild, moderate and 
severe groups accordingly, however no other injury demographics were reported. Similarly, 
Mathias and Weaton (2007) incorporated injury severity information and time since injury 
where it was available, but provided no lesion location data. The effect that this has on the 
reported trends is unclear. There is no way to determine whether severity or focal lesion 
location exists in excess within particular samples used in these reviews and skewed the data 
unrepresentatively. On the other hand, given that meta-analytic reviews have the advantage of 
large sample sizes, the likely mix of injury demographics may be akin to random, and thus 
representative, sampling.   
Unfortunately, in the small number of studies where care has been taken with injury 
demographics, and included in analyses, the results have been inconsistent. For instance, 
Leblanc (2005) showed that neither injury severity nor lesion location predicted the ability of 
children to inhibit a motor response following their recovery. Whereas Levin et al. (1993) 
showed that the size of the frontal lobe lesion mediated (i.e., increased) the relationship 
between injury severity and response inhibition (see Section 4.6.1.1: Lesion location).  
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First, the existing literature highlights the necessity of using calculated derived scores 
for both the Stroop and TMT tasks, where the variables of interest are inhibition and 
switching respectively (Dimoska-Di Marco et al., 2011; Rios et al., 2004). As such, a 
measurement of inhibition and switching is obtained while accounting for the effects of other 
processes required by the task, such as attention and processing speed, which are likely to 
also be impaired, and to vary in degree of impairment across participants with injury/illness. 
This becomes more imperative given the likelihood of the statistical inappropriateness of 
attempting to account for these differences in covariate analyses (Green & Salkind, 2005; 
Field, 2005). 
In summary, behavioural inhibition deficits are evident following a traumatic brain 
injury, although the extent of mental inhibition deficits in TBI remains somewhat unclear 
(Dimoska-Di Marco et al., 2011; LeBlanc et al., 2005; Ponsford & Kinsella, 1992; Stuss et 
al., 1985). This is typically due to the improper calculation of scores (i.e., using raw rather 
than derived scores) and the related issue of separating poor inhibition from other executive 
dysfunction (i.e., processing speed, attention) (Larson et al., 2007; Mathias & Weaton, 2007). 
By contrast, mental switching abilities appear consistently poor, especially following severe 
injury, although a relatively small amount of work has been completed to date (Perlstein et 
al., 2006; Rios et al., 2004).  
4.6.3 Attention. 
Attention-based deficits are widely shown following traumatic brain injury (Oddy et 
al., 1985; Ponsford, Draper, et al., 2008; Spikman, Deelman, & van Zomeren, 2000; Zino & 
Ponsford, 2006). In particular, impairment has been shown to selective/divided attention 
(Goethals et al., 2004; Stuss et al., 1989), and sustained/focused attention (Levin, High, 
Goldstein, & Williams, 1988; Stuss et al., 1989), and may persist to ten years post injury 
(Ponsford, Draper, et al., 2008).  Given the frontal lobe involvement in attentional resources 
(Mateer & Mapou, 1996; Rios et al., 2004; van Zomeren & Brouwer, 1994), it is reasonable 
to assume that attention may be vulnerable to the effects of a brain injury in ways similar to 
broad executive functioning; that is, greater risk of attentional impairment may accompany 
focal injury to the frontal lobes and/or diffuse axonal injury.  
However, there is ongoing debate in the literature as to whether poor performance on 
measures of attention reflects true deficits in attention (Madigan, DeLuca, Diamond, 
Tramontano, & Averill, 2000; Ponsford & Kinsella, 1992; Rios et al., 2004). Typical tasks 
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used to assess attention are performed under time pressure, and, even for tasks without a 
speeded component, evidence suggests that performance deficits may instead reflect 
processing speed impairments, rather than isolated attentional impairment; the slowed 
processing hypothesis (Madigan et al., 2000; Rios et al., 2004; Stuss et al., 1989). Discussed 
in more detail in the following Section 4.6.4: Processing Speed, where slowed information 
processing has been accounted for in analyses differences no longer exist on measures of 
focused/sustained attention (Ponsford & Kinsella, 1992; Spikman, van Zomeren, & Deelman, 
1996), divided attention (Brouwer, Ponds, Van Wolffelaar, & van Zomeren, 1989; Spikman 
et al., 1996), selective attention (Ponsford & Kinsella, 1992), or supervisory attentional 
control (SAC; discussed below, Ponsford & Kinsella, [1992] but not in Spikman et al. 
[1996]). On the other hand, some authors hold that an attention-specific impairment does 
exist in TBI. Two proposals have been offered, the first suggesting that processing resources 
specific to attention are reduced (i.e., the attentional-resource hypothesis) (Schmitter-
Edgecombe, 1996), and the second arguing that isolated or specific components of attention 
are damaged (i.e., component process hypothesis) (Park, Moscovitch, & Robertson, 1999; 
Rios et al., 2004; Whyte, Polansky, Fleming, Coslett, & Cavallucci, 1995). 
First introduced by Shallice (1982), the supervisory attentional control (SAC) refers to 
the capacity to plan solutions to complex tasks, where goal-directed controlled attention is 
required. Inconsistent findings regarding SAC are difficult to interpret. First, because 
conceptualisation of the construct itself is not consistent across studies; some authors suggest 
that SAC is a unitary executive function, while elsewhere it is regarded the product of many 
interlinked elements of executive functioning (Rios et al., 2004; Spikman et al., 1996). Next, 
given likely reductions in processing speed, measures used to capture SAC should not 
involve time pressure. For instance, of the two studies reviewed here Ponsford and Kinsella 
(1992) used a time pressured task in their measurement of SAC and reported impairment (i.e., 
the Tower of London; 60 seconds provided to problem-solve), whereas Spikman (1996) did 
not, and found no impairment (i.e., a Lack of Consistency Score, derived from words 
reproduced in an initial but not subsequent trials). These inconsistent findings are equally as 
likely to be a product of either the SAC definition used or the use of time pressure, and 
essentially illustrate that the capacity for supervisory attentional control in TBI remains 
unclear.  Further to this point, it is noteworthy that the tasks used may actually reflect 
predominantly dissimilar executive functions; that is, planning in the Tower of London, and 
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working memory in the Lack of Consistency Score. This highlights the importance of task 
selection when attempting to measure any one aspect of the executive functions. 
In light of the debate, factor analyses have been used in attempts to determine the 
underlying mechanisms of attention deficits. Two dimensions have been shown; processing 
speed (low level process) and control (high level process) (Madigan et al., 2000; Spikman, 
Kiers, Deelman, & van Zomeren, 2001). More recently, however, Rios et al. (2004) identified 
four; processing speed, interference control, cognitive flexibility and working memory. The 
authors conceptualised the latter three as high level cognitive processes that are independent 
but interlinked aspects of cognitive control (see Figure 4.16). In this work, however, only the 
Trail Making difference score, which loaded on the ‘cognitive flexibility’ factor, maintained 
group differences once processing speed was considered in analyses. This is essentially 
further evidence of a switching deficit post TBI, discussed in Section 4.6.2.2: Mental 
switching, rather than an isolated deficit in attention, and thereby a further indication of the 
interlinked nature of the executive functions. 
 
 
 
 
Figure 4.16. Four-factor solution regarding the underlying processes of attentional resources. These 
are clustered according to two dimensions; control (high level processes) and information processing 
speed (low level processes). The high level processes are considered to be relatively independent but 
interrelated subprocesses.  Taken from Rios et al. (2004). 
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4.6.3.1 Injury related demographics. 
Once again the work in this area has not adequately considered the potential impact of 
injury variables on reported outcomes. Studies have either incorporated patients with a mix of 
injury severity (e.g., Madigan et al., 2000; Spikman et al., 1996; Stuss et al., 1989; Zino & 
Ponsford, 2006), or concentrated on the effects of severe injury (e.g., Oddy et al., 1985; 
Ponsford & Kinsella, 1992). Moreover, as with the majority of TBI work, there are 
inconsistencies in the inclusion of injury demographics. For example, some authors report the 
duration of loss of consciousness (LOC) and/or Glasgow Coma Scale Score (e.g., Madigan et 
al., 2000), some report PTA (e.g., Spikman et al., 1996), and others report time since injury 
(e.g., Zino & Ponsford, 2006). None of the research reviewed here reported focal lesion 
location. As with studies of broad executive dysfunction, these variables need to be 
delineated and systematically assessed. 
Taken together, the literature is currently unclear regarding the extent of attention 
deficits in TBI, should a true attention deficit exist. Patients certainly show reduced 
performance on measures designed to capture attention, however this performance may be 
explained by the combined effect of various components of executive dysfunction (Madigan 
et al., 2000; Ponsford & Kinsella, 1992, Rios et al., 2004). On the other hand, a selection of 
authors have argued for deficits specific to attention and hypothesised (i) reduced resources 
for controlling attention (e.g., Schitter-Edgecombe, 1996), and (ii) damage to certain 
components of attention post injury (e.g., Park et al., 1999; Rios et al., 2004; Whyte et al., 
1995). 
4.6.4 Processing speed. 
As noted throughout this chapter, information processing speed is commonly 
impaired following traumatic brain injury and typically mediates the measurements of other 
interlinked and/or higher order cognitive constructs across visual and auditory modalities 
(Ben-David et al., 2011; Felmingham et al., 2004; Hillary et al., 2010; Ponsford, Draper, et 
al., 2008; Senathi-Raja et al., 2010; Spikman et al., 2004). In fact, slowed processing is one of 
the most consistent findings following brain injury (Rios et al., 2004).  Clement and Kennedy 
(2003) presented data indicating that speed of information processing was the most 
vulnerable to the effects of brain injury, over and above deficits shown on the WAIS
29
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 This rivals prior claims suggesting that memory is most vulnerable to the effects of brain injury (see Tate et 
al. [1991]).   
 131 
such, arguments have been made supporting a slowed processing hypothesis that holds that 
the primary deficit in TBI is a characteristically slower and less accurate processing ability 
that, in turn, impacts on the neuropsychological domains (Rios et al., 2004). Accordingly, the 
effect of slowed processing on outcome measures may be erroneously interpreted as 
impairments specific to another domain (i.e., inhibition and attention, discussed previously).  
Slower processing speeds have been shown in TBI across a range of domains, 
including, audition (i.e., the Paced Auditory Serial Addition Test; PASAT) (Gronwall, 1977; 
Ponsford & Kinsella, 1992), semantic memory (Haut et al., 1991b), visuomotor constructs 
(i.e., Trail Making Test, Stroop, and Symbol Digit Modality) (Stuss et al., 1989; van Zomeren 
& Deelman, 1976), and general executive function, including attention (Beauchamp et al., 
2011a). In the 1950’s Reitan (1955, 1958) identified that the Trail Making Test was able to 
differentiate brain damaged and comparison healthy control subjects. Using total time as the 
outcome measure, he showed that performance to Forms A and B separately, and the 
cumulative total score, was indicative of brain damage, and established preliminary norms for 
the cohort. More recently, Dimoska-Di Marco et al. (2011) reported that the control subtests 
of the Stroop (i.e., word reading and colour naming that capture attention and processing 
speed) are best at discriminating mild TBI and healthy subjects.  
As suggested by the slowed processing hypothesis, where processing speed has been 
controlled, differences are no longer shown on measures of attention (Brouwer et al., 1989; 
Spikman et al., 1996), executive functions, including planning and inhibition (Brouwer et al., 
1989; Veltman, Brouwer, van Zomeren, & van Wolffelaar, 1996), cognitive flexibility 
(Felmingham et al., 2004), and working memory (Hillary et al., 2010; Stuss et al., 1985). The 
processing speed disadvantage has also been shown to be independent of; i) injury severity, 
time since injury, and age-related variables following diffuse axonal injury (Felmingham et 
al., 2004), and ii) performance accuracy following moderate to severe focal injury (Madigan 
et al., 2000).   
4.6.4.1 Anatomical explanations. 
Speculations have been made about the underlying anatomical mechanisms of slowed 
processing speed. The diffuse loss of cells likely results in the breakdown of networks, 
indirect neural transmission (Felmingham et al., 2004; Rios et al., 2004), and/or reductions in 
dendritic branching and myelination (Miller, 1994). Together this would culminate in slower 
neural transmission. Correlations have also been shown between ventricular enlargement and 
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reduced psychomotor speed (e.g., Symbol Digit Modalities Test) (Johnson et al., 1994).  
Electrophysiological evidence supports these speculations with event-related potential work 
showing delayed latencies (Clark et al., 1992; Papanicolaou et al., 1984; Roche et al., 2004; 
Rugg et al., 1988), which are a classic indication of slowed stimulus processing (Pritchard, 
1981). This is important given that the literature has shown cognitive ERP components to be 
most sensitive to the effects of trauma, especially compared with sensory components 
(Duncan et al., 2005). 
To summarise, slowed processing speed appears to be an established deficit following 
traumatic brain injury (Beauchamp et al., 2011a; Gronwall, 1977; Haut et al., 1991a; 
Ponsford & Kinsella, 1992; Stuss et al., 1989; vanZomeren & Deelman, 1976). Speed of 
information processing may actually be the most vulnerable of the neurocognitive domains to 
the effects of TBI, and may in fact explain deficient performance shown to other domains, for 
example, on measures of attention, although further research is required (e.g., Brouwer et al., 
1989; Ponsford & Kinsella, 1992; Spikman et al., 1996). Processing speed also appears to be 
relatively independent of injury demographics, with comparable deficits recorded so far for 
individuals with varying degrees of injury severity and time since injury (Felmingham et al., 
2004; Madigan et al., 2000).  
4.7 Intelligence 
As defined in Chapter 3: Section 3.7 Intelligence, according to the most prominently 
used intelligence scales (i.e., WAIS) (Curtis, Greve, & Bianchini, 2009; Lezak, Howieson, & 
Loring, 2004), intelligence has been conceptualised as incorporating both verbal and 
performance (i.e., visual-motor) components. Scores on these measures are also vulnerable to 
attention, processing speed, and memory. In the traumatic brain injury literature, data to date 
generally indicate that verbal skills remain most stable following injury, and recover more 
quickly, relative to performance IQ, including reasoning and visuo-spatial abilities. 
Measurements of performance IQ have shown striking deficits in adult (Chadwick, Rutter, 
Brown, Shaffer, & Traub, 1981; Clement & Kennedy, 2003; Ferri et al., 2004), pediatric 
(Donders, 1997; Kay & Warschausky, 1999), and preperinatal TBI (Nass et al., 1989). For 
instance, Ferri et al. (2004) tested forty-six patients who had experienced a severe TBI on the 
WIAS-III and showed that only eleven of them obtained scores within the normal ranges of 
intellectual functioning. Seventy seven per cent had more pronounced performance than 
verbal IQ deficits.  Importantly, and in keeping with the data reviewed so far, slowed 
processing speed was a clear, predominant symptom in their sample.  
 133 
The beauty of the Wechsler tests is that they produce an isolated processing speed 
score, and most other subtests and related indices are therefore unaffected by processing 
speed impairments as they are not performed under time pressure. True to the prominence of 
slowed processing speed following TBI, information processing has illustrated the greatest 
deficits as captured by the WAIS subscale in severely injured individuals (Clement & 
Kennedy, 2003; Ferri et al., 2004), and on the Wechsler Intelligence Scale for Children–
Fourth Edition, WISC–IV; (Wechsler, 2003) in child TBI (Donders & Janke, 2008). 
To determine the extent of decline in intellectual ability following TBI it is imperative 
that premorbid functioning is obtained. Of course, it is unusual that an individual who 
sustains a brain injury has had an IQ assessment prior to their injury to make this comparison 
well. However, evidence has shown that reading tests (i.e., the National Adult Reading Test, 
NART; Nelson, [1982]) and the Wide Range Achievement Test-Revised (WRAT-R; 
Wilkinson & Robertson, [2006]) provide the most accurate estimates of premorbid 
intelligence to date (Crawford, Besson, & Parker, 1988; Johnstone et al., 1995; Moss & 
Dowd, 1991). In fact, Moss and Dowd (1991) presented a rare case study where measurement 
of IQ had been obtained for an individual in childhood who later had a traumatic brain injury. 
It showed that the NART produced a very accurate estimate of his premorbid IQ
30
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keeping with this idea, Johnstone, Hexum, and Ashkanazi (1995) showed that relative to 
other neuropsychological domains (i.e., attention, verbal and delayed memory, speed of 
processing, and cognitive flexibility), intelligence was the least affected by traumatic brain 
injury (using comparisons of premorbid WRAT-R and WAIS-III z-scores). Thus, while a 
decrease in IQ is certainly apparent relative to normative scores, it appears that relative to 
other neurocognitive domains intelligence remains relatively intact following traumatic brain 
injury.  
4.7.1 Neuroimaging: White matter and intelligence. 
Anatomically, connections have been made between white matter loss and 
intelligence.  In 1994, Miller hypothesised that brain myelination was responsible for much 
of the variance in intelligence. Myelinated neurons facilitate the speeded transmission of 
information, and more intelligent brains have shown a range of differences that may be 
associated with increased myelination. These include greater variability in EEG measures, 
faster reaction times, and higher grey-white matter contrast on MRI scans. Miller (1994) 
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 One study has shown more recently, however, that NART scores were correlated with injury severity, 
questioning the NART’s validity as a premorbid IQ measure (Morris, Wilson, Dunn, & Teasdale, 2005). 
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argued that the association of white matter and intelligence was evident in the natural 
increase of intelligence alongside the maturation of a child’s brain overtime (i.e., increased 
myelination during brain development), converse to the reductions in intelligence and 
response times shown in old age alongside brain atrophy and decreased myelination.  
Ventricular expansion shown post-TBI is also considered to reflect the loss of white 
matter surrounding the ventricular system, and Johnson et al. (1994) showed that relative 
ventricular size (i.e., ventricle-to-brain ratio; proportion of brain volume occupied by the 
ventricles) predicted nonverbal performance IQ in men. On the other hand, the corpus 
collosum (i.e., large white matter mass connecting the cerebral hemispheres) is also 
considered vulnerable to TBI because of its midline location (Levin et al., 1990). However, 
structural changes to the corpus collosum post-TBI were unrelated to measures of intelligence 
(Johnson et al., 1994).  
Hashimoto, Okumura, Shinoda, Abo, and Nakamura (2007) reported a case study 
more recently where, seven years following his mild TBI, a thirty-one year old man 
continued to illustrate reduced verbal IQ and attentional/switching frontal lobe dysfunction 
despite no evidence of abnormalities on MRI scans. Only when diffusion tensor imaging 
(DTI) was used were they able to explain the impairments. DTI is a method that illuminates 
white matter pathways responsible for connecting brain regions. The images showed that 
some fibres from the corpus callosum to the frontal cortex were missing in his left 
hemisphere when compared to the right, explaining his reduced verbal intelligence and focal 
left frontal impairment (see Figure 4.17) (Hashimoto et al., 2007). 
4.7.1.1 Injury severity and hemispheric specificity. 
Once again, the systematic comparison of important injury demographics has not been 
made within the traumatic brain injury and intelligence literature, including the time since the 
injury, its extent, type, and location. As mentioned, following mild trauma to the brain, a 
return to pre-injury cognitive functioning is generally anticipated within months (Carroll et 
al., 2004; Curtis et al., 2009; Rohling et al., 2011). Of course this is not true in all cases 
(Alexander, 1995; Binder et al., 1997), especially where the injury is one of multiple 
concussions and/or complicated mild injury (Rohling et al., 2011)
31
. At the more severe end 
of the injury scale, significant relationships have been found between IQ estimates and 
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 Persistent symptoms have actually been shown to reflect malingering in cases with financial incentives 
(Belanger et al., 2005; Curtis et al., 2009). 
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indices of injury severity in adults (i.e., duration of PTA and coma) (Ferri et al., 2004), and in 
children with complicated mild to severe TBI (i.e., duration of coma) (Donders & Janke, 
2008). Large meta-analyses have also confirmed this relationship incorporating cases of mild 
to very severe injury, where duration of loss of consciousness has been shown to correlate 
with a variety of measurements of cognitive performance (Curtis et al., 2009; Dikmen, 
Machamer, Winn, & Temkin, 1995; Rohling et al., 2011; Schretlen & Shapiro, 2003). 
 
Figure 4.17. Tractography from corpus callosum in a 31 year old case study with verbal IQ and 
frontal lobe impairments. (a) Lateral view on the right side. (b) Lateral view on the left side. (c) 
Anterior posterior view. (d) Top view. Arrow in (b) indicates the lack of fibres connecting the corpus 
callosum and frontal cortex in the left hemisphere relative to the right side. Taken from Hashimoto et 
al. (2004).   
 
One rare unilateral comparison was published by Nass et al. (1989). Children who had 
sustained preperinatal injury to either their left or right hemisphere showed impairments that 
conformed to the established lateralisation of functionality. Left hemisphere lesions were 
associated with statistically superior full scale and verbal intelligence, whereas children with 
right hemispheric lesions had both reduced verbal and performance, and thus overall, 
intelligence.  As well as supporting the lateralisation of intelligence, this pattern is further 
explained by the left-right maturational gradient hypothesis. Because it develops early, the 
left hemisphere is reduced in plasticity, and is thereby less likely to adopt novel functionality 
c)
)
d)
)
b)
)
a)
)
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as readily as the right in compensation for the injury. Thus, as was demonstrated by Nass et 
al. (1989), intelligence is more vulnerable to early right hemisphere injury because of new 
(and relatively unwelcome) demands placed on the already established left hemisphere by 
default.  
Overall, it appears that while verbal IQ remains relatively stable, performance IQ is 
generally reduced as a result of traumatic brain injury (Clement & Kennedy, 2003; Ferri et 
al., 2004). Performance IQ incorporates nonverbal abstract problem solving, reasoning, and 
visuo-spatial abilities, and these are typically shown to be deficit post-injury (Chadwick et al., 
1981; Clement & Kennedy, 2003; Donders, 1997; Ferri et al., 2004, Kay & Warschausky, 
1999; Nass et al., 1989). Such effects may be explained by damage to white matter tracts and 
the subsequent reduction in connectivity and flow of information processing as a result of the 
injury (Johnson et al., 1994; Miller, 1994). Further, while there is some indication that greater 
impairments on measures of IQ are shown by individuals with greater injury severity, and 
that aspects of intelligence are lateralised, additional systematic and standardised research is 
necessary (Donders & Janke, 2008, Ferri et al., 2004; Carroll et al., 2004; Nass et al., 1989).  
4.8 Chapter Summary 
The literature reviewed in this chapter has provided evidence of substantial 
impairment across each of the cognitive neuropsychological domains addressed. An 
exception may be with regard to probabilistic reasoning, although this reflects a gap in the 
literature specific to this variety of reasoning, and evidence points to the likelihood that this 
too would be affected by TBI; other aspects of reasoning have shown impairments including, 
inferential, analogical, and deductive reasoning (Bibby & McDonald, 2005; Geraci & 
Cantagallo, 2011; Goverover, 2004; Krawczyk et al., 2010), as have the executive functions 
that are utilised during reasoning (Krawczyk et al., 2010).  
Fundamental oversights have been made in the majority of work to date specific to 
injury related demographics, and, it seems, the influence of these variables in cognitive 
neuropsychological outcome. Injury related information, for the most part, has been poorly 
and incompletely recorded and reported. Often, even where substantial information has been 
incorporated, this information has been ignored in analyses. As was discussed throughout, 
virtually all parameters of injury have the potential to mediate functional ability in each of the 
domains addressed. Research on cognitive neuropsychological functioning post TBI is 
insufficient where these obvious mediators have been ignored. Focal versus diffuse injury, 
lesion location, injury severity, and time since injury need to be systematically researched in 
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particular.  Accordingly, so far the literature remains inconclusive on this point, especially 
given that the limited studies that have attempted to determine these influences report 
contrasting findings.  
Some work has found no differences according to lesion location (e.g., comparable 
executive function in frontal versus nonfrontal lesions; Anderson et al. [1995]), and often this 
is in contrast with localised functionality established from replicated imaging data in healthy 
controls. However, a lack of differences according to lesion location may be evidence of 
brain changes occurring post TBI. For instance, the engagement of newly recruited networks 
in lieu of damaged ones, particularly given that differential patterns of cortical activation 
have been illustrated in this review more than once (Goethals et al., 2004; Mani et al., 2007; 
Soeda et al., 2005; Tlustos et al., 2011). In turn, this serves to highlight the importance of 
investigating other injury based variables that may mediate this hypothesised effect, such as 
the latency between injury and assessment.  
More than one domain-based discussion indicated the tendency of mTBI patients to 
have recovered by three months post-injury. Yet contrasting data was available in each 
example (e.g., in visual-perceptual and fluency discussions). It may be that the classification 
of mTBI requires reconceptualisation. Perhaps an intermediate group exists between mild and 
moderate injury, where the trajectory of deficits more closely resemble those illustrated by 
patients suffering from moderate TBI. Again, however, this remains speculation until 
thorough injury severity investigations are undertaken.  
Notably, the effect of gender on cognitive neuropsychological recovery has not been 
addressed in this review. Gender differences have not been widely investigated within each of 
the domains discussed here. In general, higher rates of men relative to women tend to sustain 
brain injury, and this is most likely reflective of lifestyle differences. However, there is some 
evidence to suggest that females may fare worse in recovery (Ponsford et al., 2008). 
In summary then, while there is some inconsistent and incomplete work, the literature 
generally points to impairments following trauma to the brain across the cognitive 
neuropsychological domains reviewed here; visual-perceptual organisation, language, 
memory, executive function and intelligence. It stands to reason that the extent and longevity 
of this impairment would be mediated by the injury-related demographics discussed at length, 
although a considerable amount of research to support or refute this proposition is yet to be 
reported.   
 138 
Chapter 5: Literature Review Summary and Research Aims 
5.1 Summary of Literature 
This chapter briefly summarises the previous literature review chapters and leads into 
the aims of this research study. Hypotheses are outlined in the following experimental chapter 
(Chapter Seven: Cognitive neuropsychological profile in PFTBI).   
5.1.1 Visual-perceptual organisation. 
Impaired visual perception following a traumatic brain injury is demonstrated in the 
literature, even where damaged vision is excluded as an explanation (McKenna et al., 2006; 
Ponsford et al., 2011; Shum et al., 2000), and where the trauma is considered mild (Brosseau-
Lachaine et al., 2008; Ponsford et al., 2011; Rohling et al., 2011). Visual memory, visual 
motion, visuo-spatial abilities, and visual organisation (Gestalt) deficits have all been shown 
post injury (McKenna et al., 2006; Patel et al., 2011; Shum et al., 2000).  Poor Gestalt 
processing has been shown following even mild TBI at three months post injury (Brosseau-
Lachaine et al., 2008), and patients with lesions in their right hemisphere (i.e., generally 
lateralised for global and holistic/Gestalt processing) show pronounced deficits in recalling 
and reproducing the global aspects of visual images (Delis et al., 1986; Robertson & Lamb, 
1991).  
Impaired visual processing is commonly reported in the schizophrenia literature 
(Joshua & Rossell, 2009; Parnas et al., 2001; Silverstein et al., 2000). In particular, visual 
organisation in perceptual processing has shown significant impairment. Global/Gestalt 
processing abilities are commonly reduced in patients (Buchanan et al., 1994; Joshua & 
Rossell, 2009; Rabinowicz et al., 1996; Silverstein et al., 2000), and more recently a 
preference for local information processing has been hypothesised as underlying poor visuo-
spatial cognition in schizophrenia (Landraf et al., 2011). Nonetheless, some heterogeneity has 
been shown; work has suggested impairment may be mediated by illness chronicity (Parnas 
et al., 2001; Silverstein et al., 2000), and/or symptomatology (i.e., disorganised symptoms in 
particular; Knight & Silverstein, 1998; Silverstein et al., 2000; Uhlhaas et al., 2005; Uhlhaas 
et al., 2006). Moreover, it seems that where the Gestalt properties of an image are strong, 
patients may be able to perceive and utilise Gestalt principles successfully during visual 
processing (Chey & Holzman, 1997; Rief, 1991).   
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Two of the four reviewed studies measured visual perception in PFTBI. Forty one per 
cent (n = 7) of Fujii & Ahmed’s (2002) case study review reported impaired visuo-spatial 
abilities relative to norms. However, later work from their retrospective chart review showed 
no deficits on the WAIS block design (i.e., spatial abilities) relative to healthy controls (Fujii 
et al., 2004).  
5.1.2 Language.  
Language and communication impairments following TBI are well documented in the 
literature, including, but not limited to, lexical comprehension and production, semantics, 
discourse processes, and reading/listening skills (Ewing-Cobbs & Barnes, 2002; Hinchliffe et 
al., 1998; LeBlanc et al., 2006; Moran & Gillon, 2004).  Work has shown that the extent of 
damage to the language system post TBI is mediated by the relative stability of verbal skills 
prior to the injury, as indicated by estimates of premorbid language ability and education 
(LeBlanc et al., 2006). Injury demographics, especially injury severity, are also substantial 
mediators (LeBlanc et al., 2006; Moran & Gillon, 2004; Sullivan & Riccio, 2010). In 
schizophrenia, language and communication-based deficits are considered part of the core 
pathology. Unusual language deficits have been shown at most linguistic levels, including 
phonetics and phonology, prosody, morphology, syntax, semantics, pragmatics, and 
coherence (Covington et al., 2005; DeLisi, 2001; Levy et al., 2010; Rossell et al., 2010; 
Rossell & David, 2006). The available PFTBI research is not straight forward, however 
studies have generally reported some impairment to language in this cohort; impaired verbal 
learning (Bamrah & Johnson, 1991), language (n = 2, 11.67%; Fujii & Ahmed, 2002), WAIS 
vocabulary (Fujii et al., 2004), and verbal memory (Fujii et al., 2004; Sachdev et al., 2001). 
5.1.2.1 Verbal fluency. 
Based on the theoretical models of memory, semantic fluency tasks are considered 
less cognitively demanding than phonological fluency tasks because the closer storage of 
semantically related concepts facilitates faster retrieval from memory. This is typically 
illustrated by the greater number of semantic category words generated in a set time frame, 
relative to phonological (i.e., letter-based) word generation (Harrison et al., 2000; Landro & 
Ueland, 2008; Rossell et al., 1999). Impaired verbal fluency has been shown following 
traumatic brain injury to both phonemic and semantic fluency tasks, although there is a 
paucity of research in the latter (Baldo & Shimamura, 1998; Grossman, 1981; Jurado et al., 
1997; Jurado et al., 2000; Kave et al., 2011; Martin et al., 1990). Furthermore, although the 
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data is not conclusive, there appears to be distinct involvement of frontal regions during 
phonological fluency and temporal regions during semantic fluency (Henry & Crawford, 
2004; Mummery et al., 2000; Pujol et al., 1996). Such work suggests that TBI patients with 
lesions to one or both of these areas may show reduced fluency performance of the 
implicated type, although this has not always been illustrated to date (Jurado et al., 2000; 
Stuss et al., 1998).  
Verbal fluency has been extensively researched in schizophrenia, and a deficit is well 
established to both fluency types (Bozikas et al., 2005; Elvevag et al., 2001; Kremen et al., 
2003; Landro & Ueland, 2008), although semantic fluency has consistently shown a larger 
impairment (Henry & Crawford, 2005; Kremen et al., 2003; Landro & Ueland, 2008; Rossell 
et al., 1999). Fluency performance in schizophrenia is further reduced in patients with alogia 
(Sumiyoshi et al., 2005) and negative symptoms (Bowie et al., 2004). However, whether this 
reflects the intuitive relationship (i.e., poverty of speech in alogia and slowed processing 
speed in negative symptoms logically result in reduced fluency performance), or this 
symptomatology in schizophrenia effects semantic and/or lexical stores, pathways, or both, 
remains unclear, and may actually be impossible to elucidate.  
In PFTBI, one study has reported verbal fluency outcomes to date, and indicated 
comparable performance between PFTBI and healthy controls (Fujii et al., 2004).  This 
finding is counterintuitive given the prominent fluency impairments shown in both patients 
with traumatic brain injury and schizophrenia, and thus, may illustrate again the inadequacy 
of the available PFTBI research to date.  
5.1.2.2 Clustering and switching. 
The assessment of clustering and switching subcomponents in the verbal fluency 
literature has also been lucrative in uncovering subtle impairments in both TBI and 
schizophrenia (defined in Chapter 3.3.2 Fluency, Memory Structure, and Strategy). Post TBI, 
the ability to cognitively switch to a new cluster has shown impairment specific to semantic 
fluency, and this appears to be worse according to worse injury (Zakzanis et al., 2011). 
Clustering ability, however, may remain intact post injury for both fluency types (Raskin & 
Rearick, 1996; Zakzanis et al., 2011). Schizophrenia patients have shown reductions in the 
number of total words produced, clustered categories of words, and switches across 
categories (Henry & Crawford, 2005; Landro & Ueland, 2008; Troyer et al., 1997). Some 
authors have suggested, however, that patients may cluster and switch in the same way as 
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healthy controls, but that they utilise these strategies less effectively, and simply generate 
fewer words per cluster (Bozikas et al., 2005; Kosmidis et al., 2005; van Beilen et al., 2004). 
Cluster and switching analyses have not been reported in PFTBI to date.  
5.1.3 Memory. 
The literature has documented significant memory impairment following TBI, and 
this appears to apply to most, if not all, aspects of memory (Ariza et al., 2006; Carlesimo et 
al., 1998; Lezak, 1979; Owen et al., 1990; Perri et al., 2000; Tate et al., 1991). Impairment 
has been shown following mild to severe injury, with the extent of the memory deficit 
seemingly proportionate to the extent of damage to the brain (Bennett-Levy, 1984; Vakil, 
2005). Memory is also impaired in schizophrenia and much of the work suggests that 
deficient memory is a persistent and heritable trait of schizophrenia, irrespective of symptom 
profile (Bartholomeusz et al., 2011; Broome et al., 2010; Cannon et al., 2005; Nieto & 
Castellanios, 2011; Pukrop et al., 2007).  Recent work has shown, however, that an exception 
to this may be seen in late onset schizophrenia (Girard et al., 2011).  Differential patterns of 
activation have been shown during memory tasks in imaging work (Broome et al., 2010; 
Ehrlich et al., 2011; Kumicki et al., 2009; Nestor et al., 2010; van Os et al., 2009), and 
recognition is considered less impaired than recall (Beatty et al., 1993; Kalkstein et al., 2010), 
albeit this is likely true for all individuals given that recognition, by nature, is an easier task 
because it involves memory cues.  
The PFTBI literature is again somewhat inconsistent. Across the retrospective 
chart/case study publications reviewed impairments in memory have been shown relative to: 
i) norms (Fujii & Ahmed, 2002), ii) healthy controls (i.e., verbal memory, recall) (Fujii et al., 
2004), and iii) TBIWP (i.e., verbal and nonverbal memory) (Sachdev et al., 2001). However, 
Bamrah and Johnson’s (1991) PFTBI case study showed normal memory and recall abilities.  
5.1.3.1 Semantic memory. 
Despite general memory impairment following TBI, the literature consistently 
suggests that semantic organisation is unaffected by the injury, with the majority of work 
emphasising that patient responses illustrate their ability to identify and utilise semantic 
information to the same degree as healthy controls (Crosson et al., 1989; Haut et al., 1991; 
Levin & Goldstein, 1986; Perri et al., 2000). This has been shown across various paradigms, 
including semantic priming where response patterns show that patients are able to take 
advantage of the preceding prime (Haut et al., 1991; Perri et al., 2000). Reduced overall 
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performance in TBI, illustrated by slower reaction times and reduced total output, may 
instead reflect a reduction in processing speed and/or access to existing information, as a 
result of white matter damage (McWilliams & Schmitter-Edgecombe, 2008; Perri et al., 
2000).   
Semantic memory and semantic priming have been heavily researched in 
schizophrenia, and impairments in semantic memory have consistently been illustrated across 
a number of study designs, including priming paradigms (Chen et al., 1994; Rossell & David, 
2006; Rossell et al., 1998; Rossell et al., 1999; Rossell et al., 2000). Notably, a range of 
potential mediators have been identified in the priming literature, although the degree of 
influence of these variables on the priming data remains less clear. These include patient-
related characteristics such as the effects of medication, other influences related to the 
disorder such as slowed processing, and symptomatology such as thought disorder, as well as 
parameters of methodology (i.e., SOA, relatedness proportion, prime-target relationship type, 
and degree of priming calculation) (Minzenberg et al., 2002; Morgan et al., 2006; Spitzer et 
al., 1993). Moreover, attempts to determine the underlying mechanism(s) of these deficits in 
patients, including, but not limited to, the debate regarding an access/retrieval and/or storage- 
specific impairment are ongoing (Allen & Frith, 1983; Aloia et al., 1996; Elvevag et al., 
2001; Rossell et al., 2010; Rossell & David, 2006).   
No data has been published pertaining to semantic memory specifically, or using a 
semantic priming paradigm in PFTBI to date. 
5.1.4 Reasoning. 
The assessment of probabilistic reasoning in TBI cohorts has not been reported in the 
literature. However, a number of other reasoning abilities have shown impairments, including 
inferential reasoning/theory of mind (ToM) deficits, analogical reasoning, and deductive 
reasoning (Bibby & McDonald, 2005; Geraci & Cantagallo, 2011; Goverover, 2004; 
Krawczyk et al., 2010). In general the literature suggests that this is likely to be a result of 
reduced executive function post injury, in particular, damage to focused attention, working, 
and short term memory (Krawczyk et al., 2010; Morrison et al., 2004). Reasoning biases in 
schizophrenia remain a contentious issue. On one hand, there is support for a general data 
gathering bias (i.e., jumping to conclusions), and/or perhaps a lowered threshold for decision 
making (Averbeck et al., 2010; Langdon et al., 2010; Moritz et al., 2007; 2009). On the other 
hand, some work has failed to find evidence of a reasoning impairment in schizophrenia at all 
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(Colbert et al., 2010; Lincoln et al., 2010; Maher, 1992; Young & Bentall, 1997). Attempts to 
account for inconsistent findings have led to suggestions that lowered IQ (Lincoln et al., 
2010), negative symptoms (Lincoln et al., 2010), and/or the presence/absence of delusions 
(Bentall & Swarbrick, 2003; Bentall & Taylor, 2006; Freeman, 2007; McKay et al., 2006; 
Woodward, Munz et al., 2009) may underlie poor reasoning. These too, however, have 
shown inconsistencies; IQ appears unrelated to the reasoning bias (Langdon et al., 2010), no 
bias has been shown in patients with delusions, current or remitted (Colbert et al., 2010; 
Young & Bentall, 1997), and no differences between deluded and nondeluded patients has 
been reported (Menon et al., 2011). Again, no PFTBI data has been published to date. 
5.1.5 Executive function. 
5.1.5.1 Mental inhibition and switching.  
First, the existing literature highlights the necessity of using calculated derived scores 
for both the Stroop and TMT tasks, where the variables of interest are inhibition and 
switching respectively (Dimoska-Di Marco et al., 2011; Rios et al., 2004). As such, a 
measurement of inhibition and switching is obtained while accounting for the effects of other 
processes required by the task, such as attention and processing speed, which are likely to 
also be impaired, and to vary in degree of impairment across participants with injury/illness. 
This becomes more imperative given the likelihood of the statistical inappropriateness of 
attempting to account for these differences in covariate analyses (see Chapter Eight and 
Appendix T for discussion) (Green & Salkind, 2005; Field, 2005). 
Patients post TBI have shown inhibition deficits behaviourally (LeBlanc et al., 2005; 
Rao & Lyketsos, 2000), and on a range of widely used tasks in empirical assessments of the 
effortful suppression of a motor response (Duncan et al., 2005; Levin et al., 1993; Logan, 
1994; O’Keeffe et al., 2007; Roche et al., 2004). However, some work has reported proficient 
performance on the Stroop subtasks, although it is noteworthy that derived scores were not 
calculated here (Larson et al., 2007; Ponsford & Kinsella et al., 1992; Schroeter et al., 2007; 
Stuss et al., 1985). Further, two meta-analyses have suggested that alternative deficits 
prominent in TBI, including processing speed and attention, may underpin poor inhibition 
(Dimoska-Di Marco et al., 2011; Mathias & Weaton, 2007). However, these suggestions 
were made based on the degree of deficits shown to processing speed and attention across the 
studies included in meta-analysis, and no direct comparisons were actually made with 
measurements of inhibition. Impaired mental switching abilities have also been shown post 
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TBI (Perlstein et al., 2006; Rios et al., 2004), and to date it appears that poor cognitive 
flexibility (i.e. switching) may be mediated by injury severity; moderate to severe TBI 
patients demonstrated impaired switching using the fourth (switching) trial of the Stroop, but 
no impairment was evident in mild TBI patients (Perlstein et al., 2006; Seignourel et al., 
2005), and severely injured TBI patients have shown impairments where the derived Trail 
Making difference score has been correctly calculated (Rios et al., 2004).   
Patients with schizophrenia show both poor mental inhibition (Barch et al., 2004; 
Braff, 2010; Henik & Salo, 2004; Kang et al., 2011), and switching (Fisher et al., 2010; 
Ravizza et al., 2010; Smith et al., 1998; Wylie et al., 2010). There is a large amount of 
evidence for impairment in schizophrenia using the Stroop task (Barch et al., 2004; Brenton 
et al., 2011; Ferchiou et al., 2010; Orem & Bedwell, 2010), however, a number of versions of 
the task exist and may be responsible for some inconsistencies in the literature. For example, 
studies claiming increased facilitation and equivalent interference effects for patients relative 
to control participants have used single-trial versions of the task that may not be sensitive 
enough to capture true impairments (e.g., Barch et al., 2004). Provided correctly calculated 
derived scores are utilised, the four trial version appears to capture switching-inhibition 
effects well (Delis et al., 2001a; 2001b; Fine et al., 2008) (shown in Figure 3.13, Chapter 
3.6.3: The colour Stroop paradigm). 
Stroop task performance has not been reported in PFTBI. Pooling data from 
retrospective chart reviews, Fujii et al. (2004) reported no impairments on the TMT task 
(Parts A and B) for PFTBI patients following Bonferroni correction, although the authors did 
not report a derived switching score. Again, while this work is valuable, it appears 
inconsistent with the impairments recorded for both patients following traumatic brain injury, 
and those diagnosed with schizophrenia.  
5.1.5.2 Attention.  
While it is unclear whether TBI patients have a true attention deficit (rather than one 
influenced by time pressure and/or processing speed), it is clear that they show impairment 
on the current assessments of attention (Madigan et al., 2000; Ponsford & Kinsella, 1992, 
Rios et al., 2004). Attention-specific hypotheses have also been proposed: (i) the attentional-
resource hypothesis, where processing resources specific to attention are reduced (Schmitter-
Edgecombe, 1996), and (ii) the component process hypothesis, where only certain isolated 
components of attention are damaged (Park et al., 1999; Rios et al., 2004; Whyte et al., 
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1995). In schizophrenia, attention deficits have been long established, and represent another 
core cognitive aspect of the disease pathology (Benton et al., 2011; Mitchie et al., 2000). 
Selective, switching, and sustained attentional impairments have all been reported across a 
number of modalities and tasks, and independent of symptomatology (Benton et al., 2011; 
Chan et al., 2004; Egeland et al., 2003; Heinrichs & Zakzanis, 1998; Kumar et al., 2010; 
Perlstein et al., 1998). Impairments in attention are also considered a stable trait of the 
disorder having been demonstrated in healthy relatives (Birkett et al., 2007; Brenton et al., 
2011), schizotypal personality (Gooding et al., 2006), first presentation (Wang et al., 2007), 
and chronic patients (Kurtz et al., 2001). Within the PFTBI literature reviewed, only one 
study reported on the outcome of measurements in attention, indicating that 11.76% (n = 2) 
of PFTBI patients demonstrated impairments (Fujii & Ahmed, 2002). This is once again 
somewhat inconsistent with the prominent deficits demonstrated in schizophrenia, and 
highlights again the need for more work in this area.  
5.1.5.3 Processing speed.  
Following TBI, slowed processing speed has been shown to a range of functional 
abilities, including audition (Gronwall, 1977; Ponsford & Kinsella, 1992), semantic memory 
(Haut et al., 1991), visuo-motor processing (Stuss et al., 1989; van Zomeren & Deelman, 
1976), and attentional processes (Beauchamp et al., 2011). In fact, processing speed is 
arguably the most vulnerable to the effects of brain injury (Clement & Kennedy, 2003), and 
seems to be independent of injury severity, time since injury, and performance accuracy in 
TBI (Felmingham et al., 2004; Madigan et al., 2000).  Moreover, the Stroop subtest and TMT 
scores are able to discriminate TBI from healthy control participants, even in cases of mild 
injury (Dimoska-Di Marco et al., 2011; Reitan, 1955; 1958). Likewise, marked reductions in 
processing speed have been shown consistently in schizophrenia (Brebion et al., 1998; 
Egeland et al., 2003; Ojeda et al., 2008; Savla et al., 2010). The Coding subtest of the 
RBANS has been used frequently in the literature as a measure of processing speed in 
schizophrenia, and is argued to be superior to other measurements (Brebion et al., 2007). For 
both of these patient groups there is ongoing speculation regarding the impact of processing 
speed on the measurement of other aspects of neurocognition, along with attempts to isolate 
other neurocognitive ability from the effect of slowed processing, either in task design or 
analysis (i.e., entering processing speed data as a covariate). This latter attempt has been 
highlighted numerous times as potentially erroneous; see for example Brebion et al., 1998; 
2000; 2006; 2007; 2011 and Appendix T for discussion.  Processing speed in PFTBI remains 
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relatively unclear due to important methodological concerns in the literature to date (e.g., 
Fujii et al., 2004 and Burg et al., 2000). 
5.1.6 Premorbid and current IQ. 
Substantial deficits in performance IQ (i.e., reasoning and visuo-spatial abilities) have 
been shown consistently in TBI (Chadwick et al., 1981; Clement & Kennedy, 2003; Donders, 
1997; Ferri et al., 2004, Kay & Warschausky, 1999; Nass et al., 1989). Reduced performance 
IQ is likely explained by damage to white matter and resultant disruptions to connectivity and 
information processing, and thereby likely to be more severe following worse injury. 
Conversely, verbal skills seem to remain relatively stable from prior to post injury. Of course 
there is no reason for premorbid IQ to differ from the normal, healthy distribution in TBI 
cohorts, and this has been confirmed in the literature (Crawford et al., 1988). By contrast, the 
majority of work in schizophrenia has shown reductions in both premorbid and post illness 
onset measurements of intelligence. A generalised intellectual impairment has been proposed 
as part of the disorder, and work has shown a relationship between lowered premorbid IQ and 
the development of illness (Cannon et al., 1999; Crawford et al., 1992; Henry & Crawford, 
2005; Jespen et al., 2010). Premorbid estimates of IQ in PFTBI have not been reported, and 
the available literature reporting estimates of current IQ have been inconsistent. For instance, 
Bamrah and Johnson (1991) reported that their case study had IQ in the normal range, yet 
Fujii et al. (2004) and Sachdev et al. (2004) both identified reduced IQ in PFTBI from 
retrospective chart reviews. 
5.1.7 General comments: TBI. 
The TBI literature has consistently indicated that performance on the majority of 
cognitive neuropsychological domains discussed here are affected by a number of variables. 
Authors have acknowledged that the type and extent of deficits illustrated following TBI are 
mediated by injury-specific demographics, including: the age of injury acquisition, injury 
severity (i.e., LOC and PTA), injury type (i.e., closed-head versus penetrating), injury 
location (i.e., hemisphere and lobe), and the time since injury (Leblanc et al., 2006; Moran & 
Gillon, 2004; Sullivan & Riccio, 2010). In addition, common impairments in certain aspects 
of cognition post injury, such as poor processing speed and reduced attention, are implicated 
in many of the paradigms used to determine performance elsewhere (e.g., in measures of 
semantic priming), causing the extent of the deficit to be difficult to isolate. Premorbid 
language and education (IQ) has also been identified as a mediator.  
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The literature is often specific about certain injury details and resultant effects, for 
example, where visual Gestalt processing is reduced in patients with right hemispheric 
lesions relative to those with left sided lesions (Delis et al., 1986; Robertson & Lamb, 1991). 
This culminates in a large amount of work having reported and/or speculated about the 
various influential aspects of injury in their respective cohorts and the distinguishable 
patterns in their outcome of interest that follow. While specifics have been highlighted across 
most neuropsychological domains in the preceding review chapters, this does not necessarily 
provide a clear picture of these relationships. It is reasonable to assume that most injury-
based variables probably affect most aspects of neurocognition, and that some further 
variation would be shown according to the particular sample used in a research study. As 
such, where study results show group differences on neuropsychological outcomes in TBI, 
correlational analyses should be explored with all relevant injury variables specific to the 
utilised sample.  
5.1.8 General comments: Schizophrenia. 
Similarly, the schizophrenia literature has long been complicated by various aspects 
related to the illness. Again authors have discussed their findings with an acknowledgement 
of the likely mediating role of the following: age of illness onset, illness duration, 
symptomatology (i.e., including positive, negative, and/or disorganised symptoms, and/or 
often the presence/absence of delusions), processing speed and attention (also implicating 
working memory depending on the task), intelligence, and the effects of medication (e.g., 
Henry & Crawford, 2005; Rossell, 2006; Rossell et al., 1999). Ultimately this illustrates the 
likelihood of substantial influences on the collection and interpretation of cognitive 
neuropsychological data, and yet, this too is not straightforward given that no one influential 
factor is consistently found for any particular outcome across studies. Thus, again, it is 
imperative that where group differences are shown, relationships with the illness-related 
factors identified here are examined particular to the study sample. 
5.1.9 General comments: PFTBI. 
The PFTBI data may therefore be complicated by both sets of mediators identified 
previously in TBI and schizophrenia separately, and as such, need to be submitted to identical 
explorations. In addition, this summary has compounded some general findings from the 
available PFTBI literature to give a condensed indication of current trends pertaining to each 
domain, and how these relate to the trends established in TBI and schizophrenia. However, as 
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highlighted in detail in Chapter Two (Section 2.7), it is once again stressed that the PFTBI 
work to date contains significant limitations, and in some cases very questionable 
methodology. Accordingly, the summary presented here regarding PFTBI should be 
interpreted with this in mind. In particular, aspects of the work reported in PFTBI to date 
seem to suggest proficient neuropsychological abilities. Yet, with reference to the substantial 
deficits established in both TBI and schizophrenia this is unlikely to be accurate. At the very 
least, patients with PFTBI should illustrate deficits comparable to those in TBI and 
schizophrenia. In fact, it stands to reason that patients with PFTBI may even show further 
reductions in cognition, reflecting the additive effect of dual diagnosis.  
5.2 Research Aims 
The primary aim of this research project was to determine the cognitive 
neuropsychological profile in patients with psychosis following a traumatic brain injury 
(PFTBI). This work represents the first systematic assessment of this cohort using 
standardised neuropsychological measures, and a battery of this size. A secondary aim, also 
unique to this work, was to compare the PFTBI data with data obtained from three control 
groups: (i) patients with TBI without psychosis (TBIWP) who were matched as closely as 
possible on injury-related variables to the PFTBI group, (ii) patients with 
schizophrenia/schizoaffective disorder, (iii) and a healthy control sample, collected in 
identical and controlled test settings. 
The following neuropsychological domains were assessed: 
 Visuo-spatial and Gestalt processing  
 Language and verbal fluency  
- phonological 
- semantic 
 Memory 
- immediate 
- delayed 
- semantic (priming)  
 Probabilistic reasoning 
 Executive function 
- mental inhibition and switching  
- processing speed  
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- attention  
 Premorbid and current IQ  
 
It was not an aim of this research to determine the neuropsychological profile of the two 
patient control groups (i.e., TBIWP and schizophrenia) or of the healthy control group
32
. 
Aims particular to each statistical analysis technique are discussed in turn. 
5.2.1 Group wise comparisons. 
As a first step, the objective of the group wise comparisons were to determine 
whether statistically significant differences existed between the four cohorts, according to the 
mean (standard deviation) scores obtained on each of the cognitive neuropsychological 
measures. 
5.2.2 Correlational analyses. 
Cognitive neuropsychological measures that showed statistically significant group 
differences were submitted to correlational analyses with the injury and illness-related factors 
identified in the literature (highlighted in the General Comments above, and discussed further 
in Chapter Seven).  
5.2.3 Discriminant function analysis. 
Discriminant function analysis (DFA) was conducted to determine whether cognitive 
neuropsychological scores could correctly classify individuals in the four participant groups. 
From there, DFA was used to investigate how well the classification procedure would 
correctly predict cognitive neuropsychological scores in a new sample.  
5.3 Summarised Research Hypotheses 
PFTBI patients were expected to illustrate inferior performance on all measures, with 
intermediate performance by the patient control cohorts, and superior performance by the 
healthy cohort. Domain specific hypotheses are contained in Section 7.2 Hypotheses. 
Correlational analyses were expected to provide evidence for the relationship between 
injury/illness-related factors and cognitive neuropsychology (see Chapter Eight). Last, DFA 
was expected to distinguish between the PFTBI and healthy cohorts at a minimum (see 
Chapter Nine).   
                                                          
32
 However, these were hypothesised where clear and relevant trends have been established in the literature. 
 150 
Chapter 6: Empirical Study Design and Description of Samples 
6.1 Introduction 
This chapter provides details on ethical approval, empirical study design, recruitment, 
and classification procedures used to determine injury severity and clinical ratings, before 
presenting a thorough demographic description of the final four participant groups used in 
this research. Cohorts are first discussed according to general demographics (e.g., age, IQ), 
followed by a detailed breakdown and statistical comparison of traumatic brain injury-related 
variables (TBIWP and PFTBI groups).  This is followed by a comprehensive itemisation and 
analysis of clinical characteristics, including a standardised comparison of antipsychotic 
medication for the schizophrenia and PFTBI groups. The chapter closes with a summary of 
the strengths and weaknesses of the final sample groups. 
6.2 Ethical Approval 
Full ethical approval for the research protocol was granted by the Alfred Hospital 
(#301/08), Austin Health (#H2008/03325), Epworth Healthcare (#49610), RMIT University, 
and Monash University (#CF09/0211-2009000081). These documents can be found in 
Appendix E.  
6.3 Study Design and Power  
As discussed in Chapter Two, the standardised and systematic assessment of 
psychosis following traumatic brain injury (PFTBI) is a novel research endeavour. This 
research was designed around the recruitment and assessment of PFTBI patients, who were 
considered a ‘convenience’ sample. That is, PFTBI recruitment was the primary objective of 
this research project with no upper limit set for the sample size. Patients with PFTBI may 
constitute up to ten per cent of individuals who sustain a traumatic brain injury (Davison & 
Bagley, 1969; Fujii & Ahmed, 2001; Fujii et al., 2004; Newburn, 1998). However, where 
recruitment is confined to a single city (i.e., Melbourne, Australia), with limited recruitment 
sites available for collaboration (i.e., the Alfred, Epworth and Royal Talbot Hospitals), over a 
short recruitment period (i.e., 18 months of a PhD candidature), the number of available 
cases is relatively reduced. With this, and the anticipated considerable morbidity of the 
PFTBI cohort, recruitment and testing were expected to be challenging. Recruitment 
procedure and outcome are discussed in the following Section 6.4: Recruitment. 
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An a priori power calculation was conducted to provide an estimation of the sample 
size required for adequate statistical power. This was a difficult task, due to the considerable 
limitations of the existing PFTBI research (discussed in Chapter Two), and is therefore 
considered a tentative assessment. The work from Fujii et al. (2004) was deemed most 
appropriate for this estimation. Using a logical memory task similar to the one to be used in 
this project, the authors established that PFTBI patients were significantly impaired relative 
to a normative sample, with a large effect size; Cohen’s d = -1.42 (Green & Salkind, 2005). 
Setting alpha at 0.05, excellent statistical power is obtained (i.e., 0.80) with a total of 
fourteen participants (i.e., seven per group; PFTBI and healthy controls). In light of this 
analysis an absolute minimum of seven PFTBI patients was set as a recruitment goal for this 
research project.  
It was imperative that a traumatic brain injury without psychosis (TBIWP) cohort was 
matched demographically to the PFTBI group and, thus, the minimum recruitment goal for 
this group was identical to the PFTBI cohort. With regard to the schizophrenia and healthy 
control comparison groups, extensive research has illustrated significant impairment in 
schizophrenia on cognitive neuropsychological tasks (see Chapter Three), with generally 
large effect sizes. Across the domains of interest, for instance, relevant effect sizes are as 
follows; perceptual organisation (d = 1.46; Keri et al., 2005), phonological fluency (d = 1.67; 
Ojeda et al., 2010), semantic fluency (d = 1.32; Ojeda et al., 2010), memory (word recall) (d 
= 0.99; Brebion et al., 2011), reasoning (ToM) (d = 0.84; Corcoran et al., 1995), inhibition 
(antisaccades) (d = 1.51; Manoach et al., 2002), processing speed (d = 1.14; Brebion et al., 
2011), and attention (digit symbol) (d = 1.54; Ojeda et al., 2010). As with the PFTBI 
calculation, setting alpha at 0.05 and power at 0.80, a total of between twelve and thirty-eight 
participants were required to detect statistically significant differences on neuropsychological 
tasks of this nature (that is, an absolute minimum of nineteen per group when comparing 
schizophrenia patients with healthy controls). Accordingly, a goal of twenty participants in 
each of the schizophrenia and healthy control cohorts was considered feasible for this 
research project. Recruitment outcomes for these groups are contained in the following 
section (6.4: Recruitment). 
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6.4 Recruitment 
Four participant groups were recruited;  
(i) a dually diagnosed psychosis following traumatic brain injury (PFTBI) group; 
(ii) a control TBI without psychosis group (TBIWP); 
(iii) control patients diagnosed with schizophrenia/schizoaffective disorder, and  
(iv) a healthy control group. 
The PFTBI group was recruited from private practice clientele of A/Prof Malcolm 
Hopwood (n =3), a participant database registry held at the Monash-Alfred Psychiatry 
research centre (MAPrc) (n = 6), and the Royal Talbot Hospital via the Brain Disorders 
Program at Austin Health (Community Brain Disorders Assessment and Treatment Service, 
CBDATS) (n = 1). CBDATS comprises medical, nursing, psychology, neuropsychology and 
social work team members who provide support and rehabilitation services for patients with 
brain impairment and psychiatric illness in Victoria.  The TBIWP group was recruited from 
the Monash-Epworth Rehabilitation Research Centre (MERRC) database (n = 1), the MAPrc 
database (n = 7), and via affiliates of the researchers (n = 2). Schizophrenia/schizoaffective (n 
= 23) and healthy control (n = 23) participants were recruited from a secondary registry held 
by Prof Susan Rossell at MAPrc. The registry was developed by Prof Rossell during various 
research appointments in Melbourne beginning in 2006. It contains contact and demographic 
information for approximately 300 individuals who have previously given their consent to be 
contacted about research participation. These are healthy individuals as well as patients with 
various diagnoses (e.g., schizophrenia, bipolar disorder, depression/anxiety, anorexia 
nervosa, Alzheimer's disease). 
Following a presentation of the research project to the relevant CBDATS staff and the 
dissemination of general project information sheets (see Appendix F), patients that met 
criteria for the PFTBI group were identified and approached about the study by their treating 
clinician at CBDATS and/or by A/Prof Malcolm Hopwood. If they were interested in 
participation the student researcher then met with them to discuss the project goals and 
participation requirements at length. Participants contained on all databases utilised for the 
research had already given their voluntary consent to be contacted about participating in 
research projects. If individuals contained on a database appeared to meet the criteria for 
participation the student researcher made telephone contact with them, and explained the 
research project and requirements of participation in detail. 
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6.4.1 PFTBI and TBIWP recruitment and matching. 
Table 6.1 details the recruitment success rates for the PFTBI group. During 
recruitment, a substantial number of patients were identified as having had been diagnosed 
with PFTBI (N = 43), however a proportion of these were considered unable to perform the 
battery of tasks due to the extent of their injury (n =18). Only one of twelve patients from the 
CBDATS program was recruited for participation for this reason, and this patient (#P05) 
demonstrated the greatest (or equal greatest) impairment across all tasks. He was also 
excluded from the semantic priming task because his capacity for sustained concentration and 
his motor speed was inadequate for task completion (see Chapter Seven for details of the 
assessment battery). Another patient (#P04) who was recruited from A/Prof Malcolm 
Hopwood’s private practice and who had formally been part of the CBDATS program 
following a severe injury, provided accuracy data on the priming task that was only just 
above chance level at the short SOA (related, 54.17%, unrelated 62.5%), and below chance 
level at the long SOA (related, 41.67%, unrelated, 45.83%)
33
. 
Thus, based on the degree of impairment (and n =1 case complicated by cannabis use 
disorder) only 58.14 per cent of PFTBI patients screened for participation were approached. 
Of those, the recruitment success rate was 40 per cent.  
Table 6.1   
PFTBI Recruitment Sources and Success Rates  
Source Identified Approached Successful 
CBDATS 12 1 1 
Epworth Hosptial 2 2 0 
A/Prof Hopwood Private Clinic 6 5 3 
MAPrc Database 23 17 6 
Total 43 25 10 
 
 
Recruitment of the PFTBI sample was additionally slowed by the necessary review of 
many case files, and in light of the time constraints on the project the matching of case by 
case across each brain injury variable with the TBIWP cohort was compromised. Moreover, 
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 Performance at the long SOA was at least partially due to fatigue and loss of motivation. Despite adequate 
breaks and encouragement patient #P04 had significant morbidity that affected his ability to perform the task 
well. His data provided an important indication of PFTBI performance at the severe end of the spectrum.  
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despite extensive review of the MERRC database over an eighteen month recruitment period, 
only three close to exact TBIWP matches were identified on a case by case basis (i.e., < 5% 
difference either way on continuous variables, see Tables 6.6-6.8). The MERRC database 
established by Professor Jennie Ponsford in 1985 contains approximately 3,200 cases who 
have sustained a traumatic brain injury, with detailed records pertaining to their injury. Of the 
three identified, only one individual agreed to participate. Nonetheless, while cases were not 
matched one on one, they were well matched as a group. Two exceptions were, i) more time 
had lapsed between injury and research participation in the PFTBI cohort (M = 24.80 years, 
SD = 10.89), relative to the TBIWP group (M = 9.80 years, SD = 9.35) and, ii) a substantial 
number of TBIWP patients were in an induced coma following their injury (seventy per 
cent), compared with only ten per cent of those diagnosed with PFTBI (see Section 6.8: 
Traumatic Brain Injury Demographics for inferential statistics).  
6.4.2 Inclusion criteria. 
All participants were between eighteen and sixty-five years of age (M = 38.59, SD = 
12.05), and demonstrated acceptable English/communication skills necessary for task 
completion. Acceptable visual acuity (e.g., at least the equivalent of Snellen’s 20/30 vision) 
was met by all participants (corrective eyewear was permitted)
34
. Acceptable colour vision 
was met by all but one participant from the schizophrenia/schizoaffective group who had 
self-reported colour vision deficiency, and consequently did not complete the Stroop Task. 
Diagnosed stroke, Multiple Sclerosis (MS), Huntington’s disease, Parkinson’s disease, 
premorbid cognitive, learning, or memory difficulties, and/or a previous psychosis/mania 
warranted exclusion from the study. However, no participants met these criteria. Patients with 
substance abuse related TBI, and/or who had participated in drug/cannabis use in the three 
months prior to testing were also to be excluded. Again however, individuals who met these 
criteria were discarded as potential recruits during the thorough screening process. Finally, 
any patient with current delirium or severe current morbidity was to be excluded from the 
study. As mentioned, two patients from the PFTBI group had substantial morbidity as a result 
of their injuries (i.e., #P04 and #P05). Both were considered capable of completing the 
assessment battery, with the exception of #P05 on the computerised priming task only. 
                                                          
34 This process ensured that cognitive neuropsychological performance from either TBI group was not 
mediated by additional visual deficits as a result of their injury.   
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PFTBI patients were required to have developed psychosis following their traumatic 
brain injury (i.e., family history of psychosis was permitted but no indication of psychosis 
was allowed prior to the injury). Schizophrenia/schizoaffective patients were not permitted to 
have a history of head injury. It was considered impractical to exclude any participant on the 
basis of psychiatric co-morbidity (i.e., other Axis 1 conditions including depression, anxiety 
etc.), and as such these were allowable from all cohorts.  Two participants from the healthy 
control group had previously been diagnosed with depression, and no co-morbid conditions 
were recorded for the TBIWP group. Given the higher prevalence of co-morbidities in 
psychosis, co-morbidities in the PFTBI and schizophrenia cohorts are detailed in Section 6.9: 
Clinical Demographics. 
6.5 Procedure 
Participants were initially given a copy of the plain language statement (PLS) and 
informed voluntary consent was taken when the researchers were satisfied that participants 
understood their involvement in the project fully (Appendix G). All participants were deemed 
capable of providing informed voluntary consent for themselves. A screening questionnaire 
to confirm inclusion criteria eligibility, and a participant demographic form, was then 
completed (see Appendices H and I).  This process took approximately twenty minutes.  
Participants were then asked about their family history, and given three self-report measures, 
including, (i) the Hospital Anxiety and Depression Scale (HADS; Zigmond & Snaith, 1983) 
included as a simple screen for the presence of anxiety and depression, (ii)  the LEEDS 
Dependence Questionnaire (Raistrick et al., 1994) used to rule out alcohol abuse and/or 
dependence (i.e., potential participants who met this criteria were to be excluded from the 
study), and (iii) the Edinburgh Handedness Inventory (Oldfield, 1971) included to allow for 
the examination of laterality effects, should the cohorts have unequal ratios of left and right 
dominant hands.  Table 6.2 summarises these measures and provides their psychometric 
properties. The forms themselves are contained in Appendix J. 
Patients who had had a traumatic brain injury were further asked about the details of 
their injury (this was incorporated in the participant demographic form contained in Appendix 
I). Permission for the release of injury and/or illness related information from relevant 
hospitals and/or clinicians was given via the consent form signed by patients. PFTBI injury 
related information was substantiated by extensive case history files from the CBDATS and 
A/Prof Hopwood’s private clinic (n =4), and the remainder from the combined information  
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Table 6.2  
Description and Psychometric Properties of Self-Report Measures 
Measure Author (s) Structure Reliability Validity 
Hospital Anxiety 
and Depression 
Scale (HADS) 
Zigmond & Snaith, 1983 14-item (2 subscales; 7 depression/7anxiety) self-administered scale. 
Items are rated on a 4-point Likert scale (0-3), with higher scores 
indicating the endorsement of features of depression/anxiety.  On each 
subscale, scores of 8-10 are suggestive of ‘borderline abnormal’, and 
11-21 of ‘abnormal’, indicating clinically significant levels at mild and 
severe intensity, respectively. 
Cronbach’s α = 0.84 
(anxiety subscale), and 
0.83 (depression subscale) 
(Dagnan, Chadwick, & 
Trower, 2000). 
Concurrent validity, r = 0.66- 
0.70, p<0.05 Clark & Watson, 
1991). 
LEEDS 
Dependence 
Questionnaire 
Raistrick et al., 1994 10-item self-administered scale rated on a 4-point Likert scale (0-3, 
0=never, 1=sometimes, 2=often, 3=nearly always), designed to 
measure the severity of dependence on drugs and/or alcohol 
(irrespective of the substance). Items address the following; pre-
occupation, salience of substance use, compulsion to start, planning 
around substance use, maximising effect, narrowing of using 
repertoire, compulsion to continue, primacy of effect, constant state, 
and cognitive set. 1-10 is suggestive of low to moderate dependence, 
11-20 of moderate to high dependence, and 21-30 of high dependence. 
Cronbach’s α = 0.94. Test-
retest, r = 0.95 (Raistrick 
et al., 1994). In clinical 
populations; Cronbach’s α 
= 0.92 (Ford, 2002).  
 
Acceptable content, concurrent, 
discriminant, and convergent 
validity (Raistrick et al., 1994). 
In clinical populations; 
concurrent validity, r = 0.32, p 
<0.001), convergent validity 
ranged from 0.44 for somatic 
symptoms to 0.51 for global 
severity, p<0.001 (Kelly, 
Magill, Slaymaker, & Kahler, 
2010). 
Edinburgh 
Handedness 
Inventory (EHI) 
Oldfield, 1971 10-item self-administered scale. Participants are asked to rate whether 
they perform each of the items with their left, right, or both, hand(s); 
effectively a 5-point Likert scale including ‘exclusively left’, ‘left’, 
‘both’, ‘right’, and ‘exclusively right’. A laterality quotient is 
computed as 100 x (R-L)/(R+L). Scores below -40 indicate left 
handedness, between -40 and 40 indicate ambidexterity, and above 40 
indicate right handedness. 
Test-retest, r = 0.91 
(McFarland & Anderson, 
1980). 
 
Factor stability cosines all > 
0.98 (McFarland & Anderson, 
1980). 
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provided by relevant hospitals, and by the patient where access to the physical file was not 
possible. In one case (i.e., #P08) injury information was verified by a first degree relative 
because hospital files had been destroyed and confirmation from someone other than the 
patient was deemed necessary by the researchers. TBIWP injury information was gained 
from the combined information provided by hospitals and the patient.   
Participants then took part in either one (i.e., healthy controls and TBIWP) or two 
(i.e., PFTBI and schizophrenia) testing sessions of approximately two hours duration each;  
i) clinical assessment for patients with psychosis (PFTBI and schizophrenia) 
ii) cognitive neuropsychological battery (all) 
These were completed on different days at the patient’s convenience, and in accordance with 
their capabilities. Adequate breaks were provided between tasks to avoid fatigue.  Following 
the testing sessions, participants were given a copy of the debriefing statement (contained in 
Appendix K) and asked if they had any questions or concerns regarding the research. A senior 
member of the research team was always available in the event that the participant felt they 
needed further support for any reason. The debriefing statement contained a list of relevant 
contact numbers, including those for the senior researchers, the ethics manager, and 
chairperson of the research committee, should the participant have queries and/or concerns at 
a later date. 
One patient diagnosed with schizophrenia (i.e., #S12) became distressed at the end of 
his final session. The appropriate steps were taken according to the ethical protocol outlined 
in the National Health and Medical Research Council’s National Statement on Ethical 
Conduct in Human Research (2007). The patient, who suffered from paranoid delusions, was 
seen by Professor Susan Rossell and it was determined that his distress was a result of 
elevated paranoia on the day of testing. Following discussions with Professor Rossell he was 
calmer and able to leave the hospital on his own. He granted permission for his data to remain 
in the research project for analysis.   
Finally, participants were financially reimbursed for their time and travel expenses 
incurred as a result of participation (i.e., $25 for one session, and $50 for two). Empirical 
procedures pertaining to the classification of TBI severity, clinical assessment, and cognitive 
neuropsychological assessment are explained in the following sections (6.5.1 and 6.5.2) and 
following chapter (Chapter Seven), respectively.  
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6.5.1 Injury severity (TBIWP and PFTBI). 
Injury severity was defined according to the parameters identified by the Department 
of Defense and Department of Veterans Affairs (DoD/DVA; contained in Appendix A). These 
parameters incorporate the common definition and are consistent with both the American 
Congress of Rehabilitative Medicine (ACRM) definitions (Department of Defense and 
Department of Veterans Affairs, 2008), and peer-reviewed publication conventions (Mathias 
& Coats, 1999; McAllister et al., 1999; McWilliams & Schmitter-Edgecomb, 2008; Ponsford 
et al., 2008). The parameters consider information from structural imaging, loss of 
consciousness (LOC), alteration of consciousness, post-traumatic amnesia (PTA), and 
Glasgow Coma Scale (GCS) score. As discussed in Chapter Four, the convention for 
determining injury severity is typically the assessment of LOC, PTA, and GCS information, 
although LOC/PTA is often used alone where GCS information is not available. This was the 
case with the majority of the current sample. As such, assignment of injury severity adhered 
to the DoD/DVA definition for LOC, PTA, and GCS (where available) as closely as possible. 
Where information from one or more of the parameters indicated inconsistent levels of 
severity for a particular case, the most appropriate classification was given. For instance, the 
LOC and PTA data for patient #T02 indicated a severe injury, while his GCS score was 
within the mild range. In this case, a classification of severe injury was given due to quite 
extensive periods of LOC/PTA, and with reference to additional existing patient file notes 
suggesting the same.  
6.5.2 Clinical assessment. 
All PFTBI and schizophrenia patients underwent a clinical assessment conducted by a 
trained and qualified member of the research team for this project (Prof Rossell or Dr 
Thomas). The session included the research version of the Structured Clinical Interview for 
DSM-IV-TR Axis I Disorders (SCID-I/P; First, Spitzer, Gibbon, & Williams, 2002), the 
Positive and Negative Syndrome Scale (PANSS; Kay, Fiszbein, & Opler, 1987), the Scale for 
the Assessment of Positive Symptoms (SAPS; Andreasen, 1984), and the Thought Language 
and Communication Index (TLC; Andreasen, 1986). The SCID-I modules for psychotic 
disorders (and associated symptoms) were used to confirm psychosis. No other modules from 
the SCID-I were administered; given the chronicity of patients it was determined that the 
administration of the lengthy SCID-I measuring all Axis I and II disorders was not possible. 
Current symptomatology was rated using the PANSS.  The SAPS was included to provide 
additional detailed information on the nature of hallucinations and types of delusions present 
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in the cohorts, especially given that PFTBI (i.e., neurological) patients were likely to show a 
distinction in their profile of visual hallucinations (Cummings & Miller, 1987). By contrast, 
the Scale for the Assessment of Negative Symptoms (SANS; Andreasen, 1982) was not 
included because it provides comparable information to the PANSS.  The TLC acquired 
detailed information on the presence/absence of eighteen cognitive and behavioural traits of 
thought disorder (Andreason, 1986)
35
.  A brief description of each measure and the relevant 
psychometrics are contained in Table 6.3. The session was audio recorded to ensure the 
clarity and completeness of the clinical information. Consent for audio recording was 
obtained during voluntary informed consent (see the consent form in Appendix H).  
6.6 Statistical Analyses 
The statistical analyses of demographic, injury-related, and clinical variables are 
described here. Analyses pertaining to cognitive neuropsychological variables are discussed 
in the following chapter (Chapter Seven). Statistical analyses were conducted using IBM® 
SPSS® software, Version 19 (IBM Corporation, 2011). Data integrity was initially 
determined by screening all variables for erroneous inliers, outliers, out-of-range variables, 
and plausible means and standard deviations (Green & Salkind, 2005; van den Broeck, 
Argeseanu Cunningham, Eeckels, & Herbst, 2005).  
There were no missing data for general demographic or TBI injury variables. Missing 
Value Analysis (MVA) indicated that there were no patterns of concern for missing clinical 
data; Little’s MCAR Test, χ² (47, N=33) = 0.00, p = 1.00. Missing clinical data is explained 
by missing values for patient #S12 on the SAPS scale only
36
. Reduced sample sizes are 
highlighted where relevant in the tabulated results in Section 6.9: Clinical Demographics. 
Categorical variables were analysed via two-way contingency table analysis (i.e., chi-
square), with the Holms Bonferroni method of alpha correction for Type I error where post 
hoc tests were required. Continuous variables were assessed for violations of normality via 
histograms, box and whisker plots, skewness and kurtosis, and Kolmogorov-Smirnov and  
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 The more comprehensive TLC was employed because the profile of thought disorder in PFTBI is unknown 
(see Chapter Two). However, the analysis of this profile is not within the scope of this thesis. Thus, only the 
global and total scores obtained from the TLC are presented (Section 6.9 Clinical Demographics), along with 
statistical analyses illustrating that the presence of thought disorder was not significantly greater in either 
psychosis cohort, and thus, did not unduly mediate their neuropsychological profile.  
36 Patient #S12 did not complete the full clinical interview due to his elevated paranoia on the day of testing. 
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Table 6.3   
Description and Psychometric Properties of Clinical Measures  
Measure Author (s) Structure Reliability Validity 
Structured 
Clinical 
Interview for 
DSM Disorders 
(SCID) 
First et al., 
2002 
Diagnostic exam used to determine DSM Axis I (mental 
disorders). Including mood episodes, psychotic and associated 
symptoms, psychotic disorders, mood disorders, substance use 
disorders, anxiety disorders, somatoform disorders, eating 
disorders, and adjustment disorder. NB. Only the psychotic and 
associated symptoms and psychotic disorders modules were 
used in this research. 
Inter-rater reliability, κ = 0.60-0.83 
(Lobbestael, Leurgans, & Arntz, 
2011). In schizophrenia, κ = 0.94 
(Skre, Onstad, Torgersen, & 
Kringlen, 1991). 
Considered the ‘gold 
standard’ in 
determining the 
accuracy of clinical 
diagnoses (Shear et 
al., 2000; Steiner, 
Tebes, Sledge, & 
Walker, 1995). 
Scale for the 
Assessment of 
Positive 
Symptoms 
(SAPS)  
Andreasen, 
1984 
34-item instrument for rating positive symptoms of psychosis 
using a 6-point Likert scale; 0=nil, 1=questionable, 2=mild, 3= 
moderate, 4=marked, and 5=severe. The scale consists of 4 
subscales (hallucinations, delusions, bizarre behaviour, and 
positive formal thought disorder). 
Inter-rater reliability, κ = 0.40-0.97 
(4 subscales), 0.89 (Global rating). 
Internal consistency, Cronbach’s α = 
0.72-0.86 (4 subscales), 0.58 (Global 
rating). Test-retest, r = 0.02-0.57 (4 
subscales) 0.40 (Global rating) (all 
p<0.0005 except bizarre behaviour) 
(Schuldberg, Quinlan, Morgenstern, 
& Glazer, 1990). 
Concurrent validity, r 
= 0.77 (p<0.0001) 
(Kay, Opler, & 
Lindenmayer, 1988). 
Thought,  
Language, and 
Communication 
Index (TLC) 
Andreasen, 
1986 
Clinical rating scale for thought disorder. 18-item and Global 
Rating, scored on 4- to 5-point Likert scale; 0=absent, 1=mild, 
2=moderate, 3 =severe, 4=extreme.  
Inter-rater reliability, all 18-items κ = 
0.81 (Harvey et al., 1992). Inter-rater 
reliability, κ = -0.02-0.89 
(Andreasen, 1986). 
Concurrent validity, r 
= 0.71 (p<0.001) 
(Davis, Simpson, 
Foster, Arison, & Post, 
1986).  See Andreasen 
and Grove (1986) for 
further discussion. 
    (continued) 
  
 161 
Table 6.3   
Description and Psychometric Properties of Clinical Measures (continued) 
Measure Author (s) Structure Reliability Validity 
Positive and 
Negative 
Syndrome Scale 
(PANSS) 
Kay et al., 
1987 
Rating scale for symptom severity. 30-item (7 constitute the 
Positive Scale, 7 the Negative Scale, and 16 the General 
Psychopathology Scale), 7-point rating instrument. Each item is 
accompanied by a complete definition as well as detailed 
anchoring criteria for all seven rating points, which represent 
increasing levels of psychopathology:1=absent, 2=minimal, 
3=mild, 4=moderate, 5=moderate/severe, 6=severe, and 
7=extreme.  Scoring is performed on a separate rating form in 
consultation with the Rating Manual. The highest applicable 
rating point is always assigned, even if the patient meets criteria 
for lower ratings as well. The PANSS is scored by summation 
of ratings across items; potential ranges are 7-49 for the 
Positive and Negative Scales, and 16-112 for the General 
Psychopathology Scale. The Composite Scale is arrived at by 
subtracting the negative from positive score, thus yielding a 
bipolar index that ranges from-42 to +42.  
Internal consistency, Cronbach’s α = 
0.73 (Positive Scale), 0.83 (Negative 
Scale), 0.79 (General 
Psychopathology Scale). Test-retest, 
r = 0.80 (p<0.001) (Positive Scale), 
0.68 (p<0.01) (Negative Scale), 0.66 
(p<0.01) (Composite Scale), and 
0.60 (p<0.02) (General 
Psychopathology Scale) (Kay et al., 
1987). Inter-rater reliability, r = 0.83-
0.87 (p <0.0001) (Kay et al., 1988).  
Criterion-related 
validity, r = 0.86 
(Positive Scale), 0.90 
(Negative Scale), 0.84 
(General 
Psychopathology 
Scale) (all p<0.001) 
(Kay et al., 1987). 
Concurrent validity, r 
= 0.77 (Positive 
Scale), r = 0.77 
(Negative Scale), r = 
0.52 (General 
Psychopathology 
Scale) (all p<0.0001) 
(Kay et al., 1988). 
Construct, 
pharmacological, and 
typological validity, 
see Kay et al. (1987) 
for discussion. 
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Shapiro-Wilk statistics (+/- 2 x the standard error convention; Groeneveld & Meeden, 1984). 
Continuous variables conforming to the normality assumption were analysed using one way 
analysis of variance (ANOVA) and Student-Newman-Keuls (SNK) post hoc tests. Where the 
assumption of homogeneity of variance was violated for these variables, the more 
conservative Welsh F ratio is reported with Dunnett’s C post hoc tests to control for Type I 
error. The majority of continuous variables were not normally distributed, and were analysed 
using nonparametric tests given that statistical transformation s did not achieve normality.
37
 
Mann-Whitney U tests were performed where two groups were compared (i.e., injury 
demographics, clinical ratings of psychosis). Kruskal-Wallis H tests were used in the 
comparisons of all four groups, with Mann-Whitney U post hoc tests and the Holms 
sequential Bonferroni method performed to control for Type I error across all pairwise 
comparisons (Green & Salkind, 2005). 
6.7 General Demographics  
The descriptive and inferential statistics for demographic variables are contained in 
Table 6.4.  The healthy control group were significantly younger than the schizophrenia 
group, although age was matched for all other group comparisons
38
. The majority of 
participants from all groups were male (≥ 90 %, no significant group differences). Compared 
to the healthy control group, the PFTBI group had a significantly reduced number of total 
years of education, with no other group differences in education recorded. Cohorts were also 
statistically matched when these data were assessed according to the level of educational 
attainment (e.g., primary school versus tertiary degree); χ²(24, N=66)= 34.60, p = .08, 
Cramers’ V = .42 (Appendix L, Figure L1). 
One hundred per cent of participants from the healthy control, schizophrenia, and 
PFTBI groups were residing in an urban location at the time of participation, whereas this 
was true for only seventy per cent of the TBIWP group. Differences in living location,  
                                                          
37 
Age at the time of participation was an exception to this rule. Age was normally distributed for all cohorts 
except the healthy control group, and distribution was not improved by data transformation. As such, ANOVA 
was deemed the most appropriate statistical test using the more conservative Welsh F ratio, with Dunnett’s C 
post hoc tests to control for Type I error.  
38
 Reduced statistical power due to smaller group sizes for the PFTBI group (age participation) and the TBIWP 
and PFTBI groups (living location) meant that these comparisons did not reach statistical significance despite 
comparable mean scores with group comparisons that did, see Table 6.4. 
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Table 6.4  
Group Comparisons on Demographic Variables  
 
Mean (Standard Deviation)  
[95% confidence intervals] and % where appropriate 
    
Variable HC (n = 23) TBIWP (n = 10) SCZ (n = 23) PFTBI (n = 10) Statistic
a
 p 
Effect 
Size
b
 
Post hoc
c
 
Age at 
Participation 
32.78 (11.55) 
[27.79, 37.78] 
35.90 (11.94) 
[27.36, 44.44] 
43.61 (10.58) 
[39.03, 48.18] 
43.10 (11.15) 
[35.12, 51.08] 
F(3, 24.87)=4.13
†
 .02 .17 HC<SCZ 
Sex (% male) 95.65 90 91.30 90 χ²(3, N=66)= .55 .91 .09 NS 
Education 
(years)
 
 
17.13 (2.64) 
[15.89, 18.37] 
16.35 (2.19) 
[14.47, 18.23] 
15.87 (3.58) 
[14.63, 17.11] 
13.90 (2.81) 
[12.02, 15.78] 
F(3, 62)= 2. 81 .05 .12 PFTBI<HC 
Living Location 
(% urban)  
100 70 100 100 χ²(3, N=66)= 17.60 .001 .52 
HC>TBIWP 
SCZ>TBIWP 
Currently 
Employed (%)  
56.52 70 39.13 30 χ²(9, N=66)= 29.41 .001 .39 
HC>SCZ 
TBIWP>SCZ 
Handedness 
(L/A/R) 
2/3/18 0/4/6 0/1/22 2/1/7 χ²(6, N=66) = 13.46 .04 .32 
No 
Differences 
LEEDS score 
3.17 (3.26) 
[Mdn=3.00, Rg=12] 
2.60 (3.47) 
[Mdn=0.50, Rg=9] 
3.61 (4.20) 
[Mdn=1.00, Rg=13] 
1.60 (2.99) 
[Mdn=0.00, Rg=9] 
χ²(3, N=66) = 3.61†† .31 .06 NS 
Premorbid IQ 
(NART) 
105.00 (7.04) 
[102.12, 107.88] 
100.40 (9.07) 
[96.04, 104.77] 
102.69 (6.48) 
[99.81, 105.57] 
102.47 (4.74) 
[98.10, 106.83] 
F(3, 62) = 1.15 .34 .05 NS 
Current IQ 
(WASI) 
98.18 (11.20) 
[92.96, 103.41] 
87.00 (10.15) 
[79.25, 94.75] 
84.78 (11.96) 
[79.67, 89.89] 
72.20 (16.50) 
[60.45, 79.95] 
F(3, 61) = 11.15 <.001 .35 
PFTBI< 
SCZ=TBIWP 
<HC 
a 
One way Analysis of Variance (ANOVA)(F), and chi-square (χ²).  
b
 Partial η² and Cramer’s V,  respectively.  
c 
Student-Newman-Keuls (SNK) (Education, Premorbid and Current IQ), and chi-square follow-up with Holms sequential bonferroni method to control for Type I 
error (Sex, Living Location, Currently Employed, Handedness). 
* n = 22 (HC WASI IQ only). 
†Welsh’s F ratio, with Dunnetts C post hoc test to account for unequal error variance.  
††
 Kruskal-Wallis H with effect size computed as chi-square statistic divided by N-1.  
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however, were only significant between the TBIWP and healthy control, and TBIWP and 
schizophrenia groups. 
Both the healthy control and TBIWP groups had a significantly greater percentage of 
current employment compared with the schizophrenia group, however, PFTBI cohort 
comparisons were no longer significant following Bonferroni correction. Significant 
differences were also demonstrated according to the type of employment, χ²(15, N=66)= 
51.72, p < .001, Cramers’ V  = .51. While there was some variation between those in part time 
work, casual work, currently seeking work, or studying, the greatest differences were shown 
between those in full time work (i.e., healthy control and TBIWP) and those receiving a 
disability pension (i.e., schizophrenia and PFTBI) (Figure 6.1). 
Differences in handedness (EHI) were no longer significant following post hoc 
analyses, χ²(6, N=66)= 13.46, p = .04, Cramers’ V = .32 (see Table 6.4). All groups had a 
majority of right handed participants. The TBIWP group contained a notable amount of 
participants who were ambidextrous, and twenty per cent of the PFTBI group were 
predominantly left handed (n =2), although this was also true for 8.70% of the healthy control 
group (n =2).  
No differences in mean scores on the LEEDS dependence questionnaire were shown 
(Table 6.4), nor were the cohorts significantly different with regard to their LEEDS 
classification; χ²(6, N=66)= 9.53, p = .15, Cramers’ V = .27 (Appendix L, Figure L2). All four 
cohorts were also matched on premorbid (NART) IQ, and according to group means, all 
cohorts fell within the average range of premorbid intellectual function. However, for current 
IQ (WASI), only the healthy control group were considered within the average range, 
whereas the TBIWP and schizophrenia groups were classified as “low average” and the 
PFTBI group in the category below, as “borderline”. These differences were statistically 
different according to post hoc SNK analysis (see Table 6.4).  The spread for current (WASI) 
IQ is detailed graphically in Figure 6.2. The plot illustrates a decline in current IQ following 
either traumatic brain injury or diagnosis of schizophrenia, which is exacerbated further in 
dually diagnosed (PFTBI) individuals. Chapter Seven discusses IQ further as part of the 
cognitive neuropsychological profile (Section 7.2.2.8: Intelligence Quotient). 
 165 
 
 
Figure 6.1. Percentage participants within each employment category across the four participant groups.  
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Figure 6.2. Box-and-whisker-plot of WAIS IQ according to participant cohort. Sample minimums, lower 
quartile, median, upper quartile, and maximums are shown. 
 
6.7.1 First degree relatives. 
Table 6.5 presents the number of first and second degree relatives diagnosed with 
either a psychotic, psychiatric, and/or neurological disorder.  No significant differences were 
shown across cohorts to the cumulative percentage of first degree relatives with a diagnosis, 
χ²(9, N=39)= 14.66, p = .10, Cramers’ V  = .35.  Where first degree relatives had received a 
diagnosis, the majority of these were for psychiatric conditions (e.g., depression, anxiety) 
(see Table 6.5). Similarly, no significant differences were shown across cohorts in the 
cumulative percentage of second degree relatives diagnosed with either a psychotic, 
psychiatric, and or neurological disorder, χ²(6, N=25)= 6.54, p = .37, Cramers’ V = .36. 
Significant cohort differences were found when the rates of diagnoses were collapsed across 
first and second degree relatives; χ² (9, N=68) = 20.18, p = .02, Cramers’ V = .31. However, 
these were no longer significant following post hoc tests: psychotic, p = .12; psychiatric,       
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p = .06; and neurological, p = .82. Nonetheless, it is noted that a higher proportion of 
relatives of the schizophrenia and PFTBI patients had received diagnosis of a psychotic 
disorder compared to the healthy control and TBIWP relatives, and this finding is in 
accordance with the heritability literature (e.g., McGuffin et al., 1994; Must et al., 2011).  
 
Table 6.5 
First and Second Degree Relative Diagnoses 
 Healthy Control TBIWP Schizophrenia PFTBI 
First Degree Relatives     
Psychotic 1 0 7 1 
Psychiatric 12 4 5 4 
Neurological 0 1 1 0 
Second Degree Relatives    
 
Psychotic 2 0 3 4 
Psychiatric 3 1 7 2 
Neurological 1 1 1 0 
Note. Cumulative total p/group is represented (i.e., cases with multiple relatives and diagnoses 
incorporated additively). 
 
6.8 Traumatic Brain Injury Demographics  
6.8.1 Individual TBIWP and PFTBI cases.  
Injury demographics for the individual TBIWP and PFTBI participants are contained 
within Tables 6.6 and 6.7 respectively. Of the TBIWP cohort, six cases suffered their injury 
during their late teens to early twenties, two in their late twenties, one in his early forties, and 
one in his early fifties.  The majority (i.e., seventy per cent) had had a motor vehicle accident 
(e.g., pedestrian or driver/passenger), one patient had a bicycle accident, and two had been 
physically assaulted. Lesion location was confined to the left hemisphere for two patients, the 
right hemisphere for five, and both hemispheres for three (see Table 6.6 and Figure 6.3). 
Lesion location according to lobe is detailed in Figure 6.3. The duration of loss of 
consciousness (LOC) was quite variable for the TBIWP group, spanning from twenty 
minutes to three months.  The majority were in an induced coma (i.e., seventy per cent), and 
suffered post-traumatic amnesia (PTA) (i.e., eighty per cent), and this was again quite 
variable, spanning from thirty minutes to three and a half months. As such, four were 
considered to have sustained a mild TBI, two to have sustained a moderate TBI, and four to 
have sustained a severe TBI. Unrecovered memory loss was confined to the details of the 
trauma for fifty per cent of cases, with the remaining once again showing considerable 
variability spanning from no memory loss to six months. No obvious patterns are apparent 
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from these variables, except to acknowledge that a frontal injury may attract a longer duration 
of LOC (see Table 6.6). The time since their injury at the time of participation was also 
variable; for three cases it had been approximately one year since injury, for three it was less 
than ten years, and for the remaining four it had been between eleven and thirty years. 
Finally, three of the cases had had more than one other mild injury prior to the one reported 
here. 
The PFTBI group had all obtained their injury prior to the age of twenty five; with eighty 
per cent of these between the teenage years (i.e., twelve to nineteen years of age). Three had 
obtained their injury in a rural location. Again the cause of injury for the majority of cases 
(i.e., sixty per cent) was a motor vehicle accident, with falling from a height (n =2), assault (n 
= 2), and an equestrian accident explaining the remaining cases. Sixty per cent had a lesion 
confined to the right hemisphere, and forty per cent had lesions in both hemispheres (see 
Table 6.7 and Figure 6.3, see Figure 6.4 for lesion location according to lobe). The duration 
of LOC was extremely variable (i.e., ranging from one minute to ten months), as was 
duration of PTA (i.e., ranging from none to seven months post injury). Three patients were 
classified as having sustained a mild injury, three as moderate, and four as severe. 
Interestingly, only one case was induced in a coma post injury. Unrecovered memory loss 
was confined to less than one hour in all but one case who lost memories pertaining to 
approximately one month following the injury. Again there are no obvious patterns to these 
variables except to acknowledge the same greater duration of LOC with a frontal injury (i.e., 
as in the TBIWP cohort), and perhaps increased PTA where injury is to the frontal lobe in 
this cohort as well. The shortest latency between injury and assessment for the current project 
was twelve years, with one case having sustained injury more than forty-four years prior to 
the date of testing. Three had had prior mild injuries.  
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Table 6.6 
Traumatic Brain Injury Demographics for Traumatically Brain Injured Patients without Psychosis (TBIWP)  
Code Sex 
Age 
TBI 
(years) 
TBI 
Location 
Aetiology Hemisphere Lobe LOC(min) 
Induced 
Coma 
PTA(min) 
Memory 
Loss 
Injury 
Severity 
Years
Post 
Injury 
TBI history 
T01 M 18 Urban 
MVA 
(pedestrian) 
Right Temporal 
10,080       
(1 week) 
1-2 weeks Nil 5-10 min Moderate 7 
4 prior 
(mild) 
T02 M 18 Rural MVA 
Left/     
Right 
Occipital/ 
Fronto-
temporal 
20,160       
(2 weeks) 
1-2 weeks 
14,400     
(10 days) 
>2 hours Severe 20 Nil 
T03 M 27 Urban MVA Left Occipital 20 Nil 30 2 days Mild 1 Nil 
T04 M 19 Rural 
MVA 
(pedestrian, 
flipped over car) 
Right 
Frontal/ 
Occipital 
17,280     
(12 days) 
1-2 weeks 
50,400       
(5 weeks) 
Accident/ 
Trauma only 
Severe 5 
Estimates 
~10 prior 
(mild/sports) 
T05 M 17 Urban 
MVA 
(Motorbike hit 
by car) 
Right Frontal 
120,960     
(3 months) 
3 months Nil 
Accident/ 
Trauma only 
Moderate 30 Nil 
T06 M 51 Urban Bicycle accident Right 
Tempo-
parietal 
120            
(2 hrs) 
Nil 
180            
(3 hours) 
Nil Mild 1 Nil 
T07 M 17 Rural 
MVA           
(dirt bike) 
Left 
Tempo-
parietal 
20 Nil 
180            
(3 hours) 
Accident/ 
Trauma only 
Mild 1 
3 prior 
(mild) 
T08 F 28 Urban MVA 
Left/      
Right 
Frontal 
65,520      
(6.5 weeks) 
6.5 weeks 
141,120  
(3.5 months) 
Accident/ 
Trauma only 
Severe 13 Nil 
T09 M 20 Urban Assault Right Temporal 
30,240       
(3 weeks) 
2-4 weeks 
20,160       
(2 weeks) 
6 months Severe 11 Nil 
T10 M 41 Urban Assault 
Left/     
Right 
Occipital-
DAI 
240           
(2-4 hrs) 
< 1 week 
540            
(9 hrs) 
Accident/ 
Trauma only 
Mild 9 Nil 
Note. PTA refers to the loss of established memories that are eventually recovered whereas memory loss refers to memory that was never recovered post injury. 
Glasgow Coma Scale Score obtained for three cases, T02, T04, and T07 = 15, 3, and 12 respectively. 
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Table 6.7 
Traumatic Brain Injury Demographics for Psychosis Following Traumatic Brain Injury Patients (PFTBI)  
Code Sex 
Age 
TBI 
(years) 
TBI 
Location 
Aetiology Hemisphere Lobe LOC(min) 
Induced 
Coma 
PTA(min) 
Memory 
Loss 
Injury 
Severity 
Years
Post 
Injury 
TBI history 
P01 M 19 Urban MVA Right Temporal 
1,440         
(1 day) 
Nil 
10,080       
(1 week) 
30min-1hr Moderate 16 Nil 
P02 M 18 Urban Fall from height Right Temporal 30 Nil 
300            
(5 hours) 
Nil Mild 23 Nil 
P03 M 24 Urban MVA Right 
Fronto-
temporal 
7,200         
(5 days) 
Nil 
35,280       
(3 weeks) 
1 month Severe 20 Nil 
P04 M 15 Rural 
MVA 
(pedestrian) 
Right Frontal 
10,080          
(1 week) 
Nil 
120,960     
(3 months) 
10-30 min Severe 12 3 prior (mild) 
P05 M 19 Urban MVA 
Left/     
Right 
Frontal 
403,200   
(10 months) 
Nil 
282,240     
(7 months) 
Accident/ 
Trauma only 
Severe 44 Nil 
P06 M 17 Urban 
Assault/Fall 
from height 
Right Occipital 1 Nil Nil Nil Mild 14 
Estimates   
~10 prior 
(mild/assault) 
P07 M 17 Urban 
MVA (“hit and 
run” on bicycle)  
Left/     
Right 
Occipital 
1,080        
(18 hrs) 
Nil 
1,800       
(30 hrs) 
2-3 hours Moderate 17 Nil 
P08 F 22 Rural 
MVA 
Motorbike 
Left/     
Right 
Fronto-
parietal 
2,880       
(48 hrs) 
< 1 week 
10,080       
(1 week) 
10-30 min Mode  rate 34 Nil 
P09 M 18 Urban Assault  
Left/           
Right 
Occipital 
240            
(4 hrs) 
Nil Nil 
Accident/ 
Trauma only 
Mild 34 
1 prior (mild) 
1 prior 
(serious) 
P10 M 12 Rural 
Equestrian 
accident 
Right 
Temporal-
parietal 
2,880       
(48 hrs) 
Nil 
30,240       
(3 weeks) 
Accident/ 
Trauma only 
Severe 34 Nil 
Note. PTA refers to the loss of established memories that are eventually recovered whereas memory loss refers to memory that was never recovered post injury. All 
cases sustained a closed head injury. Glasgow Coma Scale Score obtained for P03 only = 13. 
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6.8.2 Group-wise comparisons.  
Table 6.8 presents inferential statistics for traumatic brain injury-related variables. 
Statistical comparisons indicated that the TBI cohorts were well matched on all injury-related 
variables except for; i) the time between their injury and participation in this research, and ii) 
the proportion of those who had been in an induced coma. On average, the PFTBI cohort had 
sustained their injury almost fifteen years earlier than the TBIWP cohort. While this 
difference is exacerbated by participant #P05 who sustained his injury in 1967, the groups 
remain significantly different on this variable with #P05 removed from analysis; t (17) = - 
3.04, p = .01 (i.e., the PFTBI cohort still sustaining their injury approximately twelve years 
earlier, M = 22.67, SD = 9.07). This is accounted for by three PFTBI cases with a latency of 
thirty-four years between injury and assessment. The difference primarily reflects a 
recruitment issue. TBIWP cases available and willing to participate in research tended to 
have suffered a recent injury, whereas those injured some time ago were more likely to have 
recovered well and were thus less motived to volunteer for research participation.  Ideally, a 
longer recruitment period would allow for the focused recruitment of TBIWP cases with 
earlier injury dates.  
On the other hand, the significant group difference in the incidence of induced coma 
is unexpected and noteworthy. Even in this small sample, there is a substantial increase in the 
amount of those induced in a coma post injury from the non-psychotic group (TBIWP; 70%), 
versus cases who went on to develop psychosis (PFTBI; 10%), and this may offer 
preliminary evidence for the protective effect of coma immediately post-injury.  
Figures 6.3 to 6.7 depict the classification of both TBI groups across a number of 
injury parameters not depicted in Table 6.8.  Chi-square analysis revealed that the TBIWP 
and PFTBI groups were not significantly different according to injury severity, χ²(2, N=20)= 
.34, p = .84, Cramers’ V = .13 (Figure 6.3); hemispheric lesion location, χ²(2, N=20)= 2.23, p 
= .33, Cramers’ V = .33 (Figure 6.4);  lobe of lesion location, χ²(8, N=20)= 6.33, p = .61, 
Cramers’ V = .56 (Figure 6.5);  length of induced coma, χ²(5, N=20)= 9.00, p = .11, Cramers’ 
V = .67 (Figure 6.6); or duration of memory loss, χ²(8, N=20)= 7.83, p = .45, Cramers’ V= 
.63 (Figure 6.7). 
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Table 6.8 
TBIWP and PFTBI Group Comparisons on Brain Injury Variables  
 
 Mean (Standard Deviation) 
[95% confidence interval/ median and range where appropriate] 
    
Variable  TBIWP (n = 10) PFTBI (n = 10)  Statistic
a
 p Effect Size
b
 
Sex (% male)  90 90  - - - 
Age Participation  35.90 (11.94) [28.23, 43.57] 43.10 (11.15) [35.43, 50.77]  t (18) = -1.39 .18 -.66 
Age Injury 
 25.60 (11.68)                           
[Mdn = 19.5, Rg = 34] 
18.14 (3.43)                             
[Mdn = 18.0, Rg = 12.40] 
 U = 29.00, Z = -1.60 .11 -.36 
Injury location (% urban)  70 70  - - - 
Time since injury (yrs)  9.80 (9.35) [3.06, 16.55] 24.80 (10.89) [18.06, 31.55]  t (18) = -3.30 .004 -1.56 
LOC (%)  100 100  - - - 
LOC (min) 
 26,464.00 (38,932.88)                
[Mdn = 13,680.00, Rg = 120,940] 
42,903.10 (126,638.95)                  
[Mdn = 2,160.00, Rg = 403,199] 
 U = 40.00, Z = -.76 .45 -.17 
PTA (%)  70 90  χ²(1, N=20) = 1.25 .26 .25 
PTA (min) 
 22,701.00 (44,616.64)                 
[Mdn = 360.00, Rg =141,120] 
49,098.00 (89,783.87)               
[Mdn = 10,080.00, Rg = 282,240] 
 U = 40.00, Z = -.76 .45 -.17 
Coma Induced (%)
#
  70 10  χ²(1, N=20) = 7.50 .006 .61 
Memory Loss (%)
#
  90 80  χ²(1, N=20) = .39 .53 .14 
a 
Independent Samples t-test (t), chi-square (χ²), and Independent-Samples Mann-Whitney U Test (U). 
b
 Cohen’s d, Cramer’s V, and the Z statistic divided by the square root of N, respectively. 
# 
Categorical dispersion for these variables shown below.
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Figure 6.3. Injury severity classifications for TBIWP and PFTBI cohorts. 
 
 
 
 
 
 
 
 
 
Figure 6.4. Hemispheric lesion location for TBIWP and PFTBI cohorts.  
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Figure 6.5. Lesion location according to lobe for TBIWP and PFTBI cohorts.  
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Figure 6.6. Duration of induced coma for TBIWP and PFTBI cohorts. 
 
 
Figure 6.7. Duration of memory loss for TBIWP and PFTBI cohorts.  
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6.9 Clinical Demographics 
Descriptive and inferential statistics for all cohorts on the Hospital Anxiety and 
Depression Scale (HADS; Zigmond & Snaith, 1983) are contained in Table 6.9. No 
significant differences were shown according to HADS anxiety or depression mean scores 
across cohorts. However, significant differences were shown according to HADS anxiety 
classifications, χ² (6, N=66) = 13.24, p = .04, Cramers’ V = .32 (Figure 6.8). These reflected 
that the majority of healthy control and TBIWP participants were classified within ‘normal’ 
ranges, with none of these participants identified as abnormal, whereas between twenty and 
thirty per cent of schizophrenia and PFTBI participants indicated abnormal levels of anxiety. 
The cohorts were not significantly different regarding their HADS depression classification; 
χ² (6, N=66) = 5.75, p = .45, Cramers’ V = .21 (Appendix L, Figure L3). 
Descriptive and inferential statistics for schizophrenia and PFTBI group comparisons 
on general clinical information are contained in Table 6.10. Diagnoses confirmed by clinical 
assessment were: schizophrenia cohort; schizophrenia (n = 14), schizoaffective (n = 9); 
PFTBI cohort; schizophrenia (n = 6), schizoaffective (n = 2), schizophreniform (n = 1), and 
paranoid psychosis (n = 1).  Data for the clinical measures (i.e., TLC, PANSS, and SAPS  
 
 
Figure 6.8. Percentage participants qualifying for HADS Anxiety Questionnaire categories across 
participant groups. 
0%
10%
20%
30%
40%
50%
60%
70%
80%
normal borderline abnormal
78.26%
21.74%
0%
70%
30%
0%
39.13%
39.13%
21.74%
50%
20%
30%
P
er
ce
n
ta
g
e 
P
a
rt
ic
ip
a
n
ts
HADS Anxiety
Healthy control TBIWP Schizophrenia PFTBI 
 177 
Table 6.9 
Group Comparisons on the Hospital Anxiety and Depression Scale (HADS) 
 
Mean (Standard Deviation) 
[95% confidence interval/ median and range where appropriate]  
   
Variable 
HC 
(n = 23) 
TBIWP 
(n = 10) 
SCZ 
(n = 23) 
PFTBI 
(n = 10) 
Statistic
a
 p 
Effect 
Size
b
 
Post hoc
c
 
HADS 
Anxiety 
5.57 (2.66) 
[4.05, 7.08] 
4.80 (2.86) 
[2.50, 7.10] 
8.00 (3.69) 
[6.48, 9.52] 
9.30 (5.72) 
[6.99, 11.60] F(3, 23.81)=3.82 .02 .17 
No 
Differences 
HADS 
Depression 
2.87 (2.63) 
[Mdn=3.00, Rg=11] 
2.90 (3.31) 
[Mdn=2.50, Rg=11] 
5.13 (3.75) 
[Mdn=4.00, Rg=14] 
5.00 (2.26) 
[Mdn=5.00, Rg=8] 
χ²(3, N=66)=9.39 .03 .14 
No 
Differences 
a 
One way Analysis of Variance (ANOVA)(F), and Kruskal-Wallis H (χ²). 
b
 Partial η² and effect size computed as chi-square statistic divided by N-1,  respectively. 
c 
Student-Newman-Keuls (SNK) and Mann-Whitney U tests with Holms sequential Bonferroni method to control for Type I error, respectively. 
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scores) are presented in Tables 6.11 to 6.13. Given that the detailed symptom profile of 
PFTBI is novel, all PANSS items (individual, subscale, and totals) were reported and 
analysed. The SAPS individual and subscale items (current and lifetime) were administered 
to obtain a detailed account of hallucination and delusions along with a global rating of 
bizarre behaviour, and thus, are also reported and analysed in full with the exception of 
positive thought disorder. Positive formal thought disorder from the SAPS is not presented 
here given that the total and global scores from the TLC offer a more comprehensive 
assessment; the sum of the total scores provides a quantitative measure of the severity of TLC 
disorder, while the global rating provides interpretable cut-offs for TLC severity (Andreasen, 
1986) (see Appendix M for cut-off scores). 
No significant group differences were shown regarding general clinical demographics, 
including age of psychosis onset, illness duration, and the existence of co-morbid conditions 
(Table 6.10). This includes both the overall percentage of patients diagnosed with a co-
morbid condition (Table 6.10), and the analysis of diagnoses according to type of co-morbid 
condition (illustrated in Figure 6.9); χ² (7, N=33) =7.27, p = .40, Cramer’s V = .47. No 
significant differences between schizophrenia and PFTBI clinical profiles were shown, with 
the exception of i) the PANSS negative total score, and ii) SAPS lifetime grandiose 
delusions. Schizophrenia patients scored significantly higher on both of these indices relative 
to the PFTBI group. In general these data indicate that, perhaps with the exception of 
negative symptoms and lifetime grandiose delusions
39
, the clinical profile of PFTBI is not 
unique relative to schizophrenia/schizoaffective disorder. That is, a generic profile for 
psychosis appears to be experienced by both groups.  
                                                          
39
 Note, however, that current grandiose delusions were comparable across groups from both the PANSS and 
SAPS measures. 
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Figure 6.9.  Percentage participants with comorbid conditions from schizophrenia and PFTBI cohorts. Note. Cumulative total p/group is represented (i.e., cases 
with multiple diagnoses incorporated additively). 
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Table 6.10 
Schizophrenia and PFTBI Group Comparisons on General Clinical Variables 
 
 
Mean (Standard Deviation) 
[Median and Range where appropriate] 
    
Variable 
 SCZ 
(n = 23) 
PFTBI 
(n = 10) 
 Statistic
a
 
  
p Effect 
Size
b
 
Age Psychosis (yrs)  24.35 (8.13) [Mdn = 23.00, Rg = 33] 23.08 (4.26) [Mdn = 24.00, Rg = 14.34]  U = 109.50, Z = -.22 .83 -0.04 
Illness Duration (yrs)  19.26 (10.53) [Mdn = 16.00, Rg = 41] 20.03 (8.47) [Mdn = 21.20, Rg = 24]  U = 103.00, Z = -.47 .64 -0.08 
Psychosis Onset Latency (months)  - 59.60 (52.32)  - - - 
Comorbid Condition (%)*  34.8 30  χ²(1, N=33)=.07 .79 0.05 
a 
Independent-Samples Mann-Whitney U Test (U), and Chi-square test. 
b 
Z statistic divided by the square root of N (r), and Cramer’s V. 
*categorical dispersion of comorbid conditions by group presented in Figure 6.9. 
 
 
 
Table 6.11 
Schizophrenia and PFTBI Group Comparisons on Thought Disorder (Thought, Language and Communication Index [TLC], Andreason, 1986) 
 
 
Mean (Standard Deviation) 
[Median and range where appropriate] 
    
Variable 
 SCZ 
(n = 23) 
PFTBI 
(n = 10) 
 Statistic
a
 
  
p Effect 
Size
b
 
TLC Global  3.09 (8.56) [Mdn = 2.00, Rg = 42] 1.10 (0.88) [Mdn = 1.00, Rg = 2]  U = 100.50, Z = -.60 .58 -0.10 
TLC Total  9.65 (9.10) 8.40 (7.17)  t (31) = .39 .70 0.15 
a 
Independent-Samples Mann-Whitney U Test (U), and Independent Samples t-test (t). 
b 
Z statistic divided by the square root of N (r), and Cohen’s d respectively. 
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Table 6.12 
Schizophrenia and PFTBI Group Comparisons on Clinical Variables: Positive and Negative Syndrome Scale (PANSS) 
 
 
Mean (Standard Deviation) 
[Median and range where appropriate] 
    
Variable 
 SCZ 
(n = 23) 
PFTBI 
(n = 10) 
 
Statistic
a
 p Effect Size
b
 
POSITIVE SCALE        
P1 Delusions  3.70 (1.36) [Mdn = 4.00, Rg = 6] 3.80 (1.81) [Mdn = 4.00, Rg = 6]  U = 108.50, Z = -.26 .79 -0.05 
P2 Conceptual Disorganisation  2.87 (1.74) [Mdn = 3.00, Rg = 5] 2.40 (1.07) [Mdn = 3.00, Rg = 3]  U = 98.00, Z = -.69 .49 -0.12 
P3 Hallucinatory Behaviour  2.43 (1.88) [Mdn = 1.00, Rg = 6] 2.50 (1.90) [Mdn = 1.50, Rg = 5]  U= 122.00, Z = -.13 .90 -0.02 
P4 Excitement  1.48 (0.99) [Mdn = 1.00, Rg = 3] 1.40 (0.70) [Mdn = 1.00, Rg = 2]  U = 110.00, Z = -.26 .79 -0.05 
P5 Grandiosity  2.30 (1.49) [Mdn = 2.00, Rg = 6] 2.20 (1.14) [Mdn = 2.50, Rg = 3]  U = 114.00, Z = -.04 .97 -0.01 
P6 Suspiciousness/Persecution  3.13 (1.55) 3.40 (1.84)   t (31) = -.44 .67 -0.17 
P7 Hostility  1.26 (0.62) [Mdn = 1.00, Rg = 2] 1.50 (0.85) [Mdn = 1.00, Rg = 2]  U = 99.50, Z = -.85 .40 -0.15 
POSITIVE TOTAL  17.09 (6.72)   16.70 (6.83)  t (31) = .15 .88 0.06 
NEGATIVE SCALE        
N1 Blunted Affect  2.30 (1.29) [Mdn = 2.00, Rg = 4] 1.90 (1.10) [Mdn = 1.50, Rg = 3]  U = 95.50, Z = -.80 .42 -0.14 
N2 Emotional Withdrawal  2.17 (1.30) [Mdn = 2.00, Rg = 4] 1.40 (1.17) [Mdn = 1.00, Rg = 4]  U = 71.50, Z = -1.84 .07 -0.32 
N3 Poor Rapport  1.39 (0.84) [Mdn = 1.00, Rg = 3] 1.00 (0.00) [Mdn = 1.00, Rg = 0]  U = 90.00, Z = -1.57 .12 -0.27 
N4 Passive/Apathetic Withdrawal  2.74 (1.57) [Mdn = 2.00, Rg = 5] 2.10 (1.37) [Mdn = 1.50, Rg = 4]  U = 87.00, Z = -1.13 .26 -0.20 
N5 Difficulty in Abstract Thinking  2.09 (1.38) [Mdn = 1.00, Rg = 4] 1.50 (0.97) [Mdn = 1.00, Rg = 3]  U = 89.00, Z = -1.14 .26 -0.20 
N6 Lack of Spontaneity  1.70 (0.97) [Mdn = 1.00, Rg = 3] 1.30 (0.67) [Mdn = 1.00, Rg = 2]  U = 91.00, Z = -1.13 .26 -0.20 
N7 Stereotyped Thinking  1.22 (0.67) [Mdn = 1.00, Rg = 3] 1.30 (0.48) [Mdn = 1.00, Rg = 1]  U = 97.00, Z = -1.05 .29 -0.18 
NEGATIVE TOTAL  13.61 (5.35)  10.50 (2.37)   t (31) = 2.31 .03 0.88 
       (continued) 
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Table 6.12  
Schizophrenia and PFTBI Group Comparisons on Clinical Variables: Positive and Negative Syndrome Scale (PANSS) (continued) 
 
 
Mean (Standard Deviation) 
[Median and range where appropriate] 
    
Variable 
 SCZ 
(n = 23) 
PFTBI 
(n = 10) 
 
Statistic
a
 p Effect Size
b
 
GENERAL PATHOLOGY SCALE        
G1 Somatic Concern  2.00 (1.48) [Mdn = 1.00, Rg = 4] 1.60 (0.97) [Mdn = 1.00, Rg = 3]  U = 106.50, Z = -.38 .71 -0.07 
G2 Anxiety  2.39 (1.23) [Mdn = 3.00, Rg = 4] 2.10 (1.52) [Mdn = 1.00, Rg = 4]  U = 97.00, Z = -.75 .46 -0.13 
G3 Guilt Feelings  1.96 (1.02) [Mdn = 2.00, Rg = 3] 1.50 (1.08) [Mdn = 1.00, Rg = 3]  U = 80.50, Z = -1.49 .14 -0.26 
G4 Tension  1.87 (1.32) [Mdn = 1.00, Rg = 4] 1.70 (1.34) [Mdn = 1.00, Rg = 4]  U = 108.00, Z = -.33 .74 -0.06 
G5 Mannerisms & Posturing  1.39 (0.72) [Mdn = 1.00, Rg = 2] 1.40 (0.97) [Mdn = 1.00, Rg = 3]  U = 109.50, Z = -.29 .77 -0.05 
G6 Depression  1.57 (0.99) [Mdn = 1.00, Rg = 3] 1.80 (1.14) [Mdn = 1.00, Rg = 3]  U = 102.50, Z = -.59 .56 -0.10 
G7 Motor Retardation  1.65 (1.11) [Mdn = 1.00, Rg = 3] 1.60 (0.97) [Mdn = 1.00, Rg = 2]  U = 113.00, Z = -.10 .92 -0.02 
G8 Uncooperativeness  1.09 (0.42) [Mdn = 1.00, Rg = 2] 1.00 (0.00) [Mdn = 1.00, Rg = 0]  U = 110.00, Z = -.66 .51 -0.11 
G9 Unusual Thought Content  2.91 (1.73) [Mdn = 3.00, Rg = 6] 2.90 (1.79) [Mdn = 3.00, Rg = 6]  U = 113.50, Z = -.06 .95 -0.01 
G10 Disorientation  1.17 (0.58) [Mdn = 1.00, Rg = 2] 1.50 (1.27) [Mdn = 1.00, Rg = 4]  U = 102.00, Z = -.90 .37 -0.16 
G11 Poor Attention  1.57 (0.90) [Mdn = 1.00, Rg = 3] 1.60 (0.84) [Mdn = 1.00, Rg = 2]  U = 110.00, Z = -.23 .82 -0.04 
G12 Lack of Judgement & Insight  2.22 (1.41) [Mdn = 2.00, Rg = 5] 2.40 (1.78) [Mdn = 1.50, Rg = 5]  U = 113.50, Z = -.06 .95 -0.01 
G13 Disturbance of Volition  1.43 (0.95) [Mdn = 1.00, Rg = 3] 1.20 (0.42) [Mdn = 1.00, Rg = 1]  U = 110.00, Z = -.27 .78 -0.05 
G14 Poor Impulse Control  1.30 (0.70) [Mdn = 1.00, Rg = 2] 1.60 (1.07) [Mdn = 1.00, Rg = 3]  U = 99.50, Z = -.85 .40 -0.15 
G15 Preoccupation  1.17 (0.65) [Mdn = 1.00, Rg = 3] 1.20 (0.63) [Mdn = 1.00, Rg = 2]  U = 113.50, Z = -.12 .91 -0.02 
G16 Active Social Avoidance  2.35 (1.30) [Mdn = 2.00, Rg = 4] 2.00 (1.15) [Mdn = 1.50, Rg = 3]  U = 98.00, Z = -.70 .48 -0.12 
GENERAL TOTAL  28.04 (6.70)  27.20 (6.89)   t (31) = .33 .75 0.13 
COMPOSITE SCORE  -3.48 (7.65)  -6.20 (6.49)  t (31) = .98 .34 0.37 
PANSS TOTAL  58.74 (14.84)  54.40 (13.87)   t (31) = .79 .44 0.30 
a 
Independent-Samples Mann-Whitney U Test (U), and Independent Samples t-test (t) 
b 
Z statistic divided by the square root of N (r), and Cohen’s d respectively  
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Table 6.13 
Schizophrenia and PFTBI Group Comparisons on Clinical Variables: Scale for the Assessment of Positive Symptoms (SAPS) 
 
 
Mean (Standard Deviation) 
[Median and range where appropriate] 
    
Variable  SCZ 
(n = 22)* 
PFTBI 
(n = 10) 
 Statistic
a
 p Effect Size
b
 
HALLUCINATIONS        
Auditory Hallucinations        
Current  1.23 (1.77) [Mdn = 0.00, Rg = 5] 1.50 (2.01) [Mdn = 0.00, Rg = 5]  U = 105.50, Z = -.21 .84 -0.04 
Lifetime  2.18 (2.06)  2.60 (1.78)    t (30) = -.55 .58 -0.18 
Voices Commenting        
Current  1.14 (1.81) [Mdn = 0.00, Rg = 5] 1.40 (1.96) [Mdn = 0.00, Rg = 5]  U = 101.50, Z = -.41 .68 -0.07 
Lifetime  1.90 (2.27) [Mdn = 0.00, Rg = 5] 2.40 (1.84) [Mdn = 3.00, Rg = 5]  U = 97.50, Z = -.54 .59 -0.10 
Voices Conversing        
Current  0.91 (1.77) [Mdn = 0.00, Rg = 5] 0.80 (1.75) [Mdn = 0.00, Rg = 5]  U = 107.00, Z = -.17 .87 -0.03 
Lifetime  1.32 (2.03) [Mdn = 0.00, Rg = 5] 0.90 (1.91) [Mdn = 0.00, Rg = 5]  U = 98.50, Z = -.59 .56 -0.10 
Somatic/Tactile Hallucinations        
Current  0.59 (1.18) [Mdn = 0.00, Rg = 4] 0.40 (0.84) [Mdn = 0.00, Rg = 2]  U = 105.00, Z = -.28 .78 -0.05 
Lifetime  0.82 (1.44) [Mdn = 0.00, Rg = 4] 1.20 (1.48) [Mdn = 0.50, Rg = 4]  U = 90.00, Z = -.96 .34 -0.17 
Olfactory Hallucinations        
Current  0.45 (1.10) [Mdn = 0.00, Rg = 4] 0.40 (0.84) [Mdn = 0.00, Rg = 2]  U = 109.00, Z = -.06 .95 -0.01 
Lifetime  0.95 (1.50) [Mdn = 0.00, Rg = 4] 1.10 (1.29) [Mdn = 0.50, Rg = 3]  U = 98.50, Z = -.54 .59 -0.10 
Visual Hallucinations        
Current  0.55 (1.22) [Mdn = 0.00, Rg = 4] 0.40 (1.26) [Mdn = 0,00, Rg = 4]  U = 102.50, Z = -.48 .63 -0.08 
Lifetime  1.36 (1.59) [Mdn = 0.50, Rg = 4] 1.80 (1.48) [Mdn = 2.00, Rg = 4]  U = 92.00, Z = -.77 .44 -0.14 
Global Rating Hallucinations        
Current  1.39 (1.80) [Mdn = 0.00, Rg = 5] 1.60 (1.96) [Mdn = 0.50, Rg = 5]  U = 106.50, Z = -.37 .71 -0.07 
Lifetime  2.50 (1.97)   3.10 (1.45)    t (30) = -.86 .40 -0.28 
       (continued) 
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Table 6.13 
Schizophrenia and PFTBI Group Comparisons on Clinical Variables: Scale for the Assessment of Positive Symptoms (SAPS) (continued) 
 
 
Mean (Standard Deviation) 
[Median and range where appropriate] 
    
Variable  SCZ 
(n = 22)* 
PFTBI 
(n = 10) 
 Statistic
a
 p Effect Size
b
 
DELUSIONS        
Persecutory Delusions        
Current  2.18 (1.50) 2.30 (1.77)  t (30) = -.20 .85 -0.06 
Lifetime  4.18 (1.53) [Mdn = 5.00, Rg = 5] 4.00 (1.56) [Mdn = 4.50, Rg = 5]  U  = 95.50, Z = -.67 .50 -0.12 
Delusions of Jealousy        
Current  0.14 (0.47) [Mdn = 0.00, Rg = 2] 0.10 (0.32) [Mdn = 0.00, Rg = 1]  U  = 109.50, Z = -.04 .97 -0.01 
Lifetime  0.36 (0.95) [Mdn = 0.00, Rg = 3] 0.30 (0.95) [Mdn = 0.00, Rg = 3]  U = 106.50, Z = -.25 .80 -0.04 
Delusions of Guilt or Sin        
Current  0.73 (1.08) [Mdn = 0.00, Rg = 3] 0.60 (1.07) [Mdn = 0.00, Rg = 3]  U  = 103.00, Z = -.34 .74 -0.06 
Lifetime  1.45 (1.74) [Mdn = 0.00, Rg = 5] 0.80 (1.32) [Mdn = 0.00, Rg = 3]  U  = 88.00, Z = -1.01 .31 -0.18 
Grandiose Delusions        
Current  1.32 (1.39) [Mdn = 1.00, Rg = 5] 1.10 (1.37) [Mdn = 0.50, Rg = 4]  U = 99.00, Z = -.47 .64 -0.08 
Lifetime  3.41 (1.87) [Mdn = 4.00, Rg = 5] 1.70 (1.95) [Mdn = 1.00, Rg = 5]  U = 57.00, Z = -2.23 .03 -0.39 
Religious Delusions        
Current  0.55 (0.96) [Mdn = 0.00, Rg = 3] 0.40 (0.97) [Mdn = 0.00, Rg = 3]  U = 102.00, Z = -.43 .67 -0.08 
Lifetime  1.36 (2.06) [Mdn = 0.00, Rg = 5] 0.60 (1.58) [Mdn = 0.00, Rg = 5]  U = 90.50, Z = -.97 .33 -0.17 
Somatic Delusions        
Current  0.91 (1.44) [Mdn = 0.00, Rg = 4] 0.50 (1.08) [Mdn = 0.00, Rg = 3]  U  = 95.50, Z = -.75 .46 -0.13 
Lifetime  1.64 (2.11) [Mdn = 0.00, Rg = 5] 1.00 (1.89) [Mdn = 0.00, Rg = 5]  U = 96.00, Z = -.66 .51 -0.12 
Delusions of References        
Current  1.91 (1.44) 1.70 (1.57)  t (30) = .37 .71 0.12 
Lifetime  3.82 (1.68) [Mdn = 4.00, Rg = 5] 3.20 (1.69) [Mdn = 3.50, Rg = 5]  U = 82.50, Z = -1.17 .24 -0.21 
Delusions of Being Controlled        
Current  1.36 (1.65) [Mdn = 0.00, Rg = 5] 0.70 (1.49) [Mdn = 0.00, Rg = 4]  U = 86.00, Z = -1.13 .26 -0.20 
Lifetime  2.45 (2.24) [Mdn = 3.00, Rg = 5] 1.70 (1.83) [Mdn = 1.50, Rg = 5]  U = 90.00, Z = -.85 .40 -0.15 
       (continued) 
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Table 6.13 
Schizophrenia and PFTBI Group Comparisons on Clinical Variables: Scale for the Assessment of Positive Symptoms (SAPS) (continued) 
 
 
Mean (Standard Deviation) 
[Median and range where appropriate] 
    
Variable  SCZ 
(n = 22)* 
PFTBI 
(n = 10) 
 Statistic
a
 p Effect Size
b
 
DELUSIONS CONT’D        
Delusions of Mind Reading        
Current  0.95 (1.53) [Mdn = 0.00, Rg = 5] 0.80 (1.48) [Mdn = 0.00, Rg = 4]  U  = 107.50, Z = -.12 .90 -0.20 
Lifetime  2.14 (2.14) [Mdn = 2.50, Rg = 5] 1.30 (1.77) [Mdn = 0.00, Rg = 4]  U = 85.50, Z = -1.07 .28 -0.19 
Thought Broadcasting        
Current  0.86 (1.36) [Mdn = 0.00, Rg = 4] 0.30 (0.95) [Mdn = 0.00, Rg = 3]  U = 87.00, Z = -1.23 .22 -0.22 
Lifetime  1.64 (2.13) [Mdn = 0.00, Rg = 5] 0.70 (1.49) [Mdn = 0.00, Rg = 4]  U = 84.00, Z = -1.25 .21 -0.22 
Thought Insertion        
Current  0.32 (0.84) [Mdn = 0.00, Rg = 3] 0.20 (0.63) [Mdn = 0.00, Rg = 2]  U = 105.50, Z = -.32 .75 -0.06 
Lifetime  0.77 (1.38) [Mdn = 0.00, Rg = 4] 0.20 (0.63) [Mdn = 0.00, Rg = 2]  U = 89.50, Z = -1.15 .25 -0.20 
Thought Withdrawal        
Current  0.18 (0.66) [Mdn = 0.00, Rg = 3] 0.20 (0.63) [Mdn = 0.00, Rg = 2]  U = 109.00, Z = -.08 .94 -0.01 
Lifetime  0.45 (1.22) [Mdn = 0.00, Rg = 4] 0.20 (0.63) [Mdn = 0.00, Rg = 2]  U = 105.00, Z = -.35 .72 -0.06 
Global Rating of Delusions        
Current  2.65 (1.30) 2.80 (1.62)   t (31) = -.28 .78 -0.09 
Lifetime  4.82 (0.39) [Mdn = 5.00, Rg = 1] 4.50 (0.71) [Mdn = 5.00, Rg = 2]  U = 84.00, Z = -1.40 .16 -0.25 
BEHAVIOUR        
Global Rating Bizarre Behaviour        
Current  0.78 (1.04) [Mdn = 0.00, Rg = 3] 0.60 (0.84) [Mdn = 0.00, Rg = 2]  U = 108.00, Z = -.32 .75 -0.06 
Lifetime  2.64 (1.81) [Mdn = 4.00, Rg = 5] 2.00 (1.83) [Mdn = 2.00, Rg = 5]  U  = 86.50, Z = -1.00 .32 -0.18 
a 
Independent-Samples Mann-Whitney U Test (U), and Independent Samples t-test (t) 
b 
Z statistic divided by the square root of N (r), and Cohen’s d respectively 
*n = 22 for SAPS ratings (schizophrenia group only), except for Global Rating of Delusions (Current) and Global Rating of Bizarre Behaviour (Current) where n = 23 
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6.9.1 Medications. 
Current medications from both the schizophrenia and PFTBI groups are detailed in 
Table 6.14 along with statistical group comparisons. It has recently been shown that the total 
antipsychotic dose expressed as a percentage of the maximum recommended dose may be a 
superior method for standardising and comparing antipsychotic medications across groups, 
given (i) ambiguity associated with high dosages using the chlorpromazine equivalent (CPZ-
e) method, and (ii) apparent problems associated with computing CPZ-e for the second 
generation antipsychotics (Hung, 2007; Yorston & Pinney, 2000). Percentage of the 
maximum daily dose is used here and recommended daily dose is taken from the US 
Department of Health and Human Services (Centres for Medicare and Medicaid Services). 
Because Clozapine is associated with both enhanced (e.g., Pallanti, Quercioli, & Pazzagli, 
1999), and reduced (e.g., Rajji et al., 2010) neurocognitive function, statistical differences in 
Clozapine treatment were also investigated.  
The schizophrenia and PFTBI cohorts were matched on antipsychotic dosage 
(including Clozapine treatment), antidepressant and anxiolytic use, as well as medications for 
the treatment of bipolar disorder/mania, epilepsy, cardiovascular, and other general 
conditions.  
 
Table 6.14 
Current Medications: Schizophrenia and PFTBI Group Comparisons  
 
 Mean (Standard Deviation) 
[Median and range where appropriate] 
    
Variable  SCZ (n = 23) PFTBI (n = 10)  Statistic
a
 p Effect 
Size
b
 
Antipsychotic 
(% maximum daily dose) 
 81.95 (86.00) 
[Mdn = 50,  
Rg = 343.75] 
72.45 (39.05) 
[Mdn = 56.25, 
Rg = 113.81] 
 
U = 99.00, Z = -.63 .55 -.11 
Clozapine Treatment (%)  26.09 10  χ²(1, N=33)= 1.08 .30 -.18 
Antidepressant (%)  56.52 50  χ²(1, N=33)= .12 .73 .06 
Anxiolytic (%)  8.70 10  χ²(1, N=33)= .01 .91 .02 
Bipolar/Mania (%)  13.04 -  χ²(1, N=33)= 1.44 .23 .21 
Epilepsy (%)  8.70 10  χ²(1, N=33)= .01 .91 .02 
Cardiovascular (%)*  21.74 30  χ²(1, N=33)= .26 .61 .09 
Other (%)
#
  21.74 40  χ²(1, N=33)= 1.17 .28 .19 
a 
Independent Samples Mann-Whitney U Test (U), and chi-square (χ²) 
b 
Z statistic divided by the square root of N, and Cramer’s V 
* includes anti-cholesterol and antihypertensive medications 
#includes insomnia, stomach acid, muscle spasm, alcohol/opioid dependence, and arthritis medications, as well 
as vitamin supplements, fish oil, and contraceptives. 
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6.10 Strengths and Weaknesses of Samples 
The recruitment and assessment of a PFTBI cohort where dual diagnosis is reliably 
confirmed is novel. The injury variables of this sample were mostly verified by hospital 
documentation and the presence of psychosis was determined by the standardised clinical 
assessment of all patients. As such, this is a major strength of both this research project 
generally, and of the recruited PFTBI sample specifically. Relative weaknesses inherent in 
smaller sample sizes are acknowledged, albeit power calculations discussed previously 
indicated that there was no cause for concern regarding a PFTBI sample size of ten in 
detecting reliable and valid neuropsycholoical differences.  
The injury matched TBIWP cohort is a further significant strength, especially with 
regard to injury severity and broad (i.e., hemisphere and lobe) locus of patient lesions given 
that both of these variables have previously indicated the potential mediation of performance 
on neuropsychological tasks (see Chapter Four).  This is despite the weakness introduced by 
i) unmatched latency between injury and assessment and, ii) induced coma, for which effects 
on neuropsychological performance are not well known. The average latency between injury 
and psychosis onset for the PFTBI sample was 59.60 months (4.97 years, Table 6.10). While 
this onset latency is extremely variable within the PFTBI cohort (SD = 52.32), it provides 
some indication that prior to five years post injury there may be some risk associated with the 
development of psychosis. This is also in keeping with onset latency figures provided by 
existing literature (i.e., approximately forty-seven per cent developed psychosis within the 
one to five year post injury latency band, see Chapter Two: 2.3.1: Onset Latency). 
Accordingly, the fact that four of the TBIWP control cases sustained their injury five 
years or less prior to this assessment suggests that these individuals may still be at some risk 
for the development of psychosis. Although this is speculative based on prior literature and 
the demographics of the PFTBI sample, it should not be disregarded.  Similarly, the large 
divide as to the inducement of coma following traumatic injury may in fact provide evidence 
of a protective effect of coma. On the other hand, this difference may reflect the development 
of TBI treatments overtime. Although the injury cohorts were statistically age-matched, time 
since injury was greater for the PFTBI cohort. Thus, earlier treatments simply may not have 
included induced coma as often. Nonetheless, this was an unexpected distinction and, as 
such, the influence of coma on the later development of psychosis is a proposition for future 
research. Of course, given that they are unmatched, both onset latency and coma represent 
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some limitation to this research project overall. As such, these variables should ideally be 
matched in future work of this nature to ensure against the potential for outcome mediation.  
The healthy control and schizophrenia groups represent suitable comparison cohorts, 
and conform in size to power calculations indicated earlier in this chapter (Section 6.3: Study 
Design and Power). Statistical differences found across the groups to current employment 
type are unlikely to impact the results of this research given that the cohorts were matched on 
their level of educational attainment (albeit a significant difference according to the total 
number of years studied was noted between the healthy control and PFTBI cohorts only, see 
Table 6.4 and Appendix L). However, the relatively elevated levels of anxiety indicated by 
both schizophrenia and PFTBI participant self-report may potentially exert some effect, and 
thus, introduces another limitation to this work. The likelihood of this variable as a mediator 
of neurocognition is explored further in Chapter Eight.  
 A further limitation of this work relates to the Structured Clinical Interview for DSM-
IV-TR (SCID-I/P; First et al. [2002]) administered to patients. Administration of the SCID-I 
was confined to modules for psychotic disorders due to the chronicity of patients and the 
lengthy size of the clinical battery in its entirety. Accordingly, this work cannot provide 
comment on all Axis I or Axis II conditions experienced by any of the participants. While the 
clinical profile of patients with PFTBI was not a major focus of this thesis the presence of 
Axis I and II conditions are likely to influence neuropsycholoical performance. The inclusion 
of the HADS (Zigmond & Snaith, 1983) along with access to patient files and existing patient 
clinicians helped to protect against this influence, however the full administration of the 
SCID-I/P will be a superior technique in future research where the life of the project is less 
constrained by time.  
In addition, it is noted that the schizophrenia cohort included patients diagnosed with 
both schizophrenia and schizoaffective disorder. This was considered appropriate for the 
current research because the vital comparison was intended between patients with psychosis 
with and without a prior head injury, especially given the novel nature of the work and 
unclear clinical profile of patients with PFTBI to date. Nonetheless, work focused on the 
comprehensive classification of PFTBI clinically should distinguish between these diagnoses 
in statistical comparisons.  
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Chapter 7: Cognitive Neuropsychological Profile in PFTBI:                               
Similarities and Differences with TBIWP, Schizophrenia, and Healthy Cohorts 
according to Group-Wise Comparisons 
7.1 Introduction 
In Chapter Five the existing relevant cognitive neuropsychological literature in 
PFTBI, TBIWP, and schizophrenia was summarised and the aims of this research project 
were outlined in detail. To reiterate, the principal aims of this work were to; (i) determine the 
cognitive neuropsychological profile of patients with PFTBI using a systematic and 
standardised neuropsychological battery, and (ii) compare the PFTBI profile with that 
obtained from a matched TBIWP sample, schizophrenia patients, and healthy participants, 
using identical measures and procedure. This chapter presents hypotheses, methods, results, 
and discussion for group-wise comparisons made across each cognitive neuropsychological 
domain. Chapters Eight and Nine present the data analysed using alternate techniques.  
7.2 Hypotheses 
As an imperative first step, group-wise comparisons were conducted to determine 
whether statistically significant differences on each neuropsychological measure existed 
between the four participant groups. In general, the PFTBI cohort was expected to illustrate 
inferior performance on all measures, reflecting the additive effect of dual diagnosis. This 
hypothesis was drawn from the existing PFTBI literature where impairments have been 
shown in visual perception (Fujii & Ahmed, 2002), verbal learning and verbal memory 
(Bamrah & Johnson, 1991; Fujii et al., 2004; Sachdev et al., 2001), memory relative to 
various comparison groups (Fujii & Ahmed, 2002; Fujii et al., 2004; Sachdev et al., 2001), 
attention (Fujii & Ahmed, 2002), and IQ (Fujii et al. 2001; Sachdev et al. 2004). Alternate 
reports of proficient performance (i.e., verbal fluency, cognitive switching obtained from 
TMT performance; Fujii et al., 2004) are counterintuitive given the substantial impairment 
established in patients who have experienced a traumatic brain injury, and in patients 
diagnosed with schizophrenia.  Accordingly, results of this nature, as well as inconsistent 
findings on a number of other neuropsychological domains (see Chapter Five), may be a 
consequence of the poor and incompatible methodologies utilised in this literature to date, 
and thus did not inform the hypotheses in this thesis (methodological issues were discussed in 
Chapter Two). The healthy cohort was expected to illustrate superior performance in line 
with existing patient and control comparisons in the TBI and schizophrenia literature. No 
other hypotheses were made regarding the healthy cohort, with the exception of verbal 
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fluency and immediate versus delayed memory performance, according to the established 
trends in the healthy literature. Specific hypotheses for each of the domains are provided 
below.  
7.2.1 Visual-perceptual organisation. 
All three patient groups were expected to illustrate reduced visual-perceptual abilities, 
including both visuo-spatial and Gestalt abilities, relative to the healthy group. Because the 
existing literature is unclear, no specific hypotheses were made regarding the performance of 
the patient groups relative to each other, except that the poorest performance was predicted 
from the PFTBI group; TBIWP and schizophrenia groups have not been compared on these 
abilities to date, and visuo-spatial findings in PFTBI have been inconsistent, with no Gestalt 
processing findings having been reported.  
7.2.2 Language. 
It was hypothesised that all three patient groups would show impairments in language 
on the RBANS Language index and on verbal fluency. Subtle impairments were expected to 
emerge from the analysis of fluency from the number of words produced, phonological 
versus semantic fluency dominance, and clustering and switching proficiency. Participants in 
both the healthy and TBIWP cohorts were expected to produce a greater mean number of 
semantic category words relative to phonological category words in line with hypothesised 
models of memory (see Chapter Three: 3.3.3: Research in Schizophrenia). Patients with 
TBIWP were further expected to show general verbal fluency impairment, and thus generate 
fewer words for both types of fluency relative to healthy controls. The psychotic cohorts were 
also expected to produce a reduced number of total words to both fluency tasks. However, 
these groups were expected to show greater impairment to semantic, compared with 
phonemic, fluency. It was predicted that PFTBI patients would show the poorest performance 
of the four cohorts for both fluency types. With regard to clustering and switching 
performance, TBIWP patients were hypothesised to demonstrate reductions in the number of 
clusters and switches produced, but comparable mean cluster size. Based on the two major 
findings in the literature, patients with psychosis were expected to demonstrate one of two 
behaviours; (i) a reduced number of clusters and switches across categories, or (ii) 
comparable clusters and switches with reduced mean words per cluster. 
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7.2.3 Memory. 
All four cohorts were expected to demonstrate poorer performance to delayed versus 
immediate memory assessments. The three patient groups were further expected to illustrate 
greater impairment generally, relative to the healthy group.  
It was hypothesised that TBIWP patients would show reduced priming at the short 
SOA, but that long SOA priming would be comparable to healthy performance. This is 
because the speeded aspect of the short SOA priming task was expected to introduce 
additional cognitive load (i.e., speeded processing) that TBIWP patients would find difficult 
to integrate given their executive dysfunction (discussed in Section 7.2.5 Executive Function). 
Patients with schizophrenia were expected to show impaired priming at both the short and 
long SOAs, either in the form of reduced priming (i.e., reduced facilitation of speed and 
accuracy from the semantic relationship of word pairs) or as hypopriming (i.e., increased 
speed and accuracy to semantically un-related, relative to related word pairs). PFTBI patients 
were predicted to illustrate a priming pattern similar to schizophrenia patients, albeit PFTBI 
impairment was expected to be exacerabated in degree.   
7.2.4 Reasoning. 
Given the deficits established in other reasoning abilities, and the potential for 
executive dysfunction post injury, it was hypothesised that TBIWP patients would show 
reduced performance on the probabilistic reasoning task, compared to healthy controls. There 
was no reason to anticipate a “jumping to conclusions” style bias in this group, and thus, 
reduced performance was expected in their initial predictions of the likelihood that a certain 
coloured bead would be selected at random (i.e., either an over- or under-estimation).  
Because the findings in schizophrenia have been especially inconsistent to date, an expected 
response pattern for patients with schizophrenia was not hypothesised. The PFTBI cohort was 
expected to show the largest degree of impairment, however, no prediction was made as to 
whether their response pattern would most closely reflect TBIWP or schizophrenia.  
In the original development of the task Huq et al. (1988) showed that the JTC bias 
was specific to patients with delusions. In fact, psychiatric control patients without delusions 
were even more conservative in their decision making than the control group. It was therefore 
hypothesised that patients with delusions would demonstrate the JTC bias when compared to 
patients without delusions, at least on their “draws-to-decision” and self-rated level of 
confidence, as was originally shown by Huq et al. (1988). 
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7.2.5 Executive function (mental inhibition and switching, processing speed, 
and attention). 
Executive dysfunction has been established in all three patient cohorts; TBIWP 
(Ponsford, Draper, et al., 2008; Senathi-Raja et al., 2010), schizophrenia (Evans et al., 1997; 
Morice & Delahunty, 1996), and indications by chart review in PFTBI (Fujii & Ahmed, 
2002; Fujii et al., 2004; Sachdev et al., 2001). Thus, all three patient groups were expected to 
illustrate executive dysfunction in the form of poor mental inhibition and switching, 
processing speed, and attention deficits, relative to healthy performance. Because no prior 
work has compared these three patient cohorts on mental inhibition, switching, or attention 
measures, no hypotheses were made specific to the nature of differences between patient 
cohorts, except to once again anticipate the greatest impairments in PFTBI. Although 
processing speed impairments have been reported in the PFTBI literature, no specific 
hypotheses were made given that these studies have shown important methodological 
concerns (e.g., Fujii et al., 2004 and Burg et al., 2000).  
7.2.6 Intelligence Quotient: Premorbid and current IQ. 
Intelligence Quotient (IQ) data has been presented in the previous chapter as a 
necessary aspect of the sample descriptions (Chapter Six: 6.7: General Demographics). 
However, the existing literature has demonstrated variations in both premorbid and current 
IQ assessments of TBIWP and schizophrenia. It was therefore imperative to determine 
premorbid and current IQ in PFTBI, and compare this with the patient and healthy 
comparison groups. An effort has been made to ensure that the repetition of information, 
where necessary, is minimal.  
It was hypothesised that the TBIWP cohort would show premorbid IQ within normal 
ranges, but reduced current IQ. It was also predicted that the verbal aspects of IQ would be 
intact in this cohort. Patients with schizophrenia, by contrast, were expected to show 
reductions in both premorbid and current IQ, including verbal IQ.  The PFTBI group were 
expected to demonstrate the poorest scores on current IQ measures. Given the likelihood that 
PFTBI patients are at an elevated risk for psychosis prior to their TBI, it was further 
hypothesised that they would show reductions in premorbid IQ comparable to schizophrenia.  
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7.3 Methods 
7.3.1 Participants. 
The PFTBI, schizophrenia, TBIWP, and healthy control groups who participated in 
this research project were detailed in Chapter Six. It is noted here, however, that group sizes 
were reduced for the following tasks; (i) the Stroop task (schizophrenia group, n =22), (ii) 
semantic priming (healthy and schizophrenia groups, outliers removed, n=20 for both, 
PFTBI, n=9), and (iii) current IQ (healthy cohort, n =22) (see Chapter Six for details). 
7.3.2 Experimental measures and procedure. 
Participants completed an extensive cognitive neuropsychological battery designed to 
assess performance across each of the core domains identified in the preceding review 
chapters. The battery took approximately two hours to complete. Table 7.1 presents the 
assessments used to capture performance for each domain. Each measure will be discussed in 
turn. The psychometric properties for these assessments are contained in Table 7.4. 
7.3.2.1 The Repeatable Battery for the Assessment of Neuropsychological Status 
(RBANS).  
The RBANS (Randolph, 1998) is a brief “paper-and-pencil” battery for the detection 
of neurocognitive deficits in a variety of disorders. The battery comprises twelve subtests, 
and produces five index scores as well as a total summary score (see Table 7.2). The battery 
has established internal consistency, test-retest reliability, inter-rater reliability, and 
concurrent validity (Randolph, 1998; Randolph, Tierney, Mohr, & Chase, 1998, Table 7.4). It 
also has clinical validity, including illustrated sensitivity in the detection of neurocognitive 
impairments in both schizophrenia and traumatic brain injury cohorts (McKay, Wertheimer, 
Fichtenberg, & Casey, 2008; Wilk et al., 2004). All participants were tested using Form A in 
accordance with the manual guidelines. Index scores were age adjusted and standardised such 
that the normal mean was equal to 100 with a standard deviation of 15, based on a normative 
sample (Randolph, 1998).   
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Table 7.1 
Cognitive Neuropsychological Battery by Functional Domain 
Domain Measure 
Visual-perceptual Organisation Gabor Elements 
 RBANS Visuospatial/Constructional Index Score 
- Figure Copy 
- Line Orientation 
Language Phonological Fluency 
Semantic Fluency 
 RBANS Language Index Score 
- Picture Naming 
- Semantic Fluency 
Memory RBANS Immediate Memory Index Score 
- List Learning 
- Story Memory 
 RBANS Delayed Memory Index Score 
- List Learning Free Recall 
- List Learning Recognition 
- Story Memory Free Recall 
- Figure Free Recall 
 Semantic Priming 
Reasoning Probabilistic Reasoning Task 
Executive Function 
- Mental Inhibition and Switching 
 
Stroop (Derived Scores) 
Trail Making Task (Difference Score) 
- Processing Speed Trail Making Task (A) 
Stroop (Colour and Word Reading) 
- Coding (RBANS subtest) 
- Attention RBANS Attention Index Score 
- Digit Span 
- Coding 
Intelligence Quotient (IQ) NART (Premorbid) IQ 
 WASI (Current) Full Scale IQ 
- Vocabulary (Verbal IQ) 
- Matrix Reasoning (Visuo-Spatial/ 
Performance IQ) 
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Table 7.2 
RBANS Subtest Description for the Five Index Scores 
Index  Subtests Description Maximum Score 
Immediate Memory List Learning Immediate recall of a list of 10 items over four trials. One point awarded for each item recalled. 40 
 Story Memory Immediate recall of a 12-item story, focusing on key aspects of the story over two trials. One 
point awarded for each item recalled. 
24 
Visuospatial/ 
Constructional 
Figure Copy Direct copy of a complex geometrical figure containing 10 component parts. Two points for each 
component part (accurate drawing = one point, accurate positioning = one point). 
20 
 Line Orientation Correct identification of two target lines from an array of 13 lines fanning out from a common 
centre point at sequential angles spanning 180 degrees. 10 trials; each line correctly matched 
awarded one point. 
20 
Language Picture Naming Name 10 basic line drawings of relatively common objects (e.g., a chair, well, trumpet). One 
point for each correctly named item. 
10 
 Semantic Fluency Verbal generation of as many fruits and vegetables as possible in 60 seconds; one point for each 
exemplar provided. 
- 
Attention Digit Span Repeat strings of numbers that progressively increase from two to nine digits in length. A total of 
eight trials, two attempts (using new digits) provided for each digit length. Two points for correct 
repetition on first attempt, one point on second attempt. 
16 
 Coding Participants given a coding key where numbers 1-9 are matched with various symbols, and a 
separate sheet of symbols with an empty box beneath each one. They are required to insert the 
corresponding digit in as many boxes as possible within a 90 second time limit. One point per 
correct entry. 
89 
Delayed Memory List Learning Free Recall Recall as many words as possible from the initial List Learning subtest (10 items).  10 
 List Learning Recognition 20 words (10 foils) provided and participants give yes/no recognition of words from the original 
List Learning items. 
20 
 Story Memory Free Recall Recall as many aspects of the story from the Story Memory subtest (12 items). 12 
 Figure Copy Free Recall Re-draw from memory the figure from the Figure Copy subtest.  20 
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7.3.2.2 Gabor Elements Contour Integration Task (GECIT). 
Visual organisation (Gestalt processing) was assessed using the Gabor Elements 
Contour Integration Task (GECIT) created by Kovacs et al. (2000). The task consists of a 
series of fifteen cards containing a closed circular path of Gabor elements; Gaussian-
modulated sinusoidal luminance distributions that closely model the known spatial frequency 
processing properties of cells in area V1. These are embedded in a random array of Gabor 
elements of the same spatial frequency and contrast, set against a uniform grey background 
(see Silverstein et al., 2000 for detailed discussion and Figure 3.5, Chapter Three, for an 
example stimulus). The cards are graded in difficulty by a reduction in the average spacing 
between elements for each consecutive card. Cards were presented on a flat table top and 
participants were instructed to identify the circular contour within 30 seconds by tracing it 
with their finger. Participants were given two attempts for each card.  Following the first 
failed attempt they were shown the previous card for a second time and asked to re-identify 
the contour, although this time it was presented to them in an inverted orientation to remove 
location memory. Where this was successfully completed they were shown the more difficult 
card for a second time. At the failure of both attempts the task was concluded and the card 
number recorded.  
7.3.2.3 Verbal fluency. 
7.3.2.3.1 Phonological fluency. 
Phonological fluency was assessed using the classic phonetic variants; ‘F’ ‘A’ and ‘S’ 
(The Controlled Oral Word Association Test [COWAT]; Spreen & Strauss, 1998). 
Participants were required to verbally produce words beginning with each letter in turn, 
excluding proper nouns (e.g., Australia, Bill), and the same word with a different suffix (e.g., 
jump, jumps, jumping). A 60 second time limit was set for each letter trial. The words 
generated were recorded, along with errors and perseverations, which were excluded from the 
totals.   
7.3.2.3.2 Semantic fluency. 
The Semantic Fluency subtest (fruits and vegetables) score from the RBANS was 
extracted to allow for the isolated analyses of semantically-driven fluency and comparison to 
the phonological data (see Table 7.2). 
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7.3.2.3.3 Clustering and switching. 
Clustering and switching for both phonological and semantic fluency was analysed 
using the procedure developed by (Troyer et al., 1997, see Appendix N). In brief, clusters for 
phonological fluency consisted of successively generated words that began with the same 
first two letters (e.g., snake and snail), differed only by a vowel sound (e.g., foot and fat), 
rhymed (e.g., sour and scour), or were homonyms (e.g., flour and flower). Semantic fluency 
clusters were identified where words belonged to the same semantic subcategory; fruits, 
vegetables, salad items, and/or tropical fruits. Cluster size was counted beginning with the 
second word in each cluster. Switches were identified as the number of transitions between 
clusters, including single words. The raw number of switches was recorded and analysed, 
instead of a derived proportion score, as per Troyer et al. (1997). Two independent raters 
scored the data, with acceptable intraclass correlation: phonological fluency clustering, ricc 
0.90; phonological fluency switching, ricc 0.93; semantic fluency clustering, ricc 0.85; semantic 
fluency switching, ricc 0.67. 
7.3.2.4 Semantic priming. 
7.3.2.4.1 Stimulus creation. 
Ninety-six word pairs were created from nouns, verbs, and adjectives, listed in the 
MRC psycholinguistic database (Coltheart, 1981; Wilson, 1988). The pairs were semantically 
related, that is, they shared categorical and/or functional features such as oil-GAS and pause-
HESITATE (see Appendix O for the full list of semantic pairs). The first word in each pair 
constituted the prime and its match constituted the TARGET. To meet the condition of a 
semantic relationship a pair had to be assigned an association score < 10 and a semantic score 
of ≥ 0.25 according to the ILCC Semantic Space Model Database (Institute for Language, 
Cognition and Computation [ILCC], 2010)
40
.  The final list of matched semantic pairs had a 
                                                          
40
 At least three types of word relationships exist (semantic, associative, and semantic-associative). Associative 
relationships refer to words related by a common association rather than semantic meaning per se; i.e., meek-
MILD. Words can also share both types of relationships such as tongue-CHEEK (i.e., semantically related as 
parts of the body, and mouth specifically, and associatively related according to the colloquial phrase “tongue 
in cheek”). Semantic-only relationships were isolated and controlled to obtain a pure measure of semantically 
organised networks. Only one study has compared priming in schizophrenia using all three types of word 
relationships and findings suggested that patients show facilitation in the priming of associative-only word 
pairs, not shown by healthy controls (Nestor et al., 2006). While this may be further evidence of an 
idiosyncratic semantic memory store in schizophrenia this priming literature is in its infancy and, as such, 
semantic-only word pairs were chosen to avoid the ambiguous mediation of priming effects in both patient 
groups with psychosis.  
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mean association score of 3.20 (SD = 2.53) and a semantic score of 0.54 (SD = 0.09). The 
words were three to 10 letters in length and matched as closely as possible on a number of 
parameters, including; number of phonemes, number of syllables, number of lexical 
categories (as defined by Kucera and Francis, 1967), word frequency (Kucera & Francis, 
1967), familiarity, concreteness, age of acquisition, and number of phonological neighbours. 
All parameter statistics were obtained from the English Lexicon Project Database (Balota et 
al., 2007). These statistics, along with tests of significance between prime and TARGET 
parameter values, are presented in Appendix O, Table O5. 
Half of the word pairs (n = 48) were assigned to a short stimulus onset asynchrony 
(SOA) and the remaining half were assigned to a long SOA condition. For each SOA, 24 
pairs remained semantically related, and 24 were pseudo-randomly shuffled to create prime-
TARGET pairs that do not share a semantic relationship (i.e., unrelated pairs). Related and 
unrelated pairs were counterbalanced across four sets of lists so all targets were seen as a 
related and unrelated pair at each SOA (see Appendix P). 
Relatedness proportion (RP) was manipulated using 96 filler word pairs also created 
from nouns, verbs, and adjectives, three to 10 letters in length, from the MRC 
psycholinguistic database (Coldheart, 1981; Wilson, 1988). These word pairs were not used 
in analysis but allowed for the necessary manipulation of RP in the following way; half of the 
filler pairs (n = 48) were assigned to the short SOA unrelated condition so that 25% of the 
total word pairs for the short SOA were related, and the remaining half were assigned to the 
long SOA related condition so that 75% of the total word pairs for the long SOA were 
related. This captures automatic and controlled processing at the short and long SOA 
respectively. Similar counterbalancing procedures were then employed by reversing the 
allocation across the four sets of lists so that each filler word pair was seen in both its related 
and unrelated form for each of the four sets; creating a total of eight sets of pairs (see 
Appendix P and Table P1).  
Finally, 192 pseudo (i.e., nonword) pairs were generated to create a lexical decision 
task. The pseudo words (i.e., meaningless strings of letters, pronounceable because they 
conform to legal bigrams, e.g., ceeks) were taken from the ARC Nonword Database (Rastle, 
Harrington, & Coltheart, 2002). These nonword TARGETS were matched with an additional 
192 primes (i.e., words that conformed to comparable lexical properties) taken from the MRC 
psycholinguistic database (Coldheart, 1981; Wilson, 1988). Half of these pairs (n = 96) were 
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assigned to the short SOA with the remaining half assigned to the long SOA condition, and 
these were similarly counterbalanced (reverse allocated) across the existing eight sets of pairs 
(see Appendix P). 
7.3.2.4.2 Lexical decision semantic priming task. 
Participants were seated at a viewing distance of 80cm from the monitor in a dimly lit 
room. Word stimuli were displayed in white 40-point Times New Roman centred vertically 
and horizontally on a 521 × 293mm 16:9 aspect ratio widescreen monitor with black 
background using Presentation® (Version 0.55, Build 03.10.03) experimental software. All 
participants completed a short and long SOA experimental block of approximately eight and 
ten minutes duration respectively. The short SOA block was always completed first. The 
lexical decision task is represented schematically in Chapter Three, Figure 3.8. A fixation 
cross (+) was shown on screen for 500ms at the beginning of each trial. The prime was then 
presented in lower-case letters for 200ms, followed by another fixation cross for an inter-
stimulus interval (ISI) of either 50 or 550ms depending on the required SOA (i.e., either 250 
or 750ms). The target was then presented in upper-case letters for 200ms, followed by a black 
screen for 1000ms during which time the participant could respond (i.e., response window). 
An inter-trial interval (ITI) of 1500ms was triggered by the expiration of the response 
window. Participants were instructed to respond as quickly and as accurately as possible with 
a button marked YES if the stimulus presented in upper-case letters (i.e., the target) was a 
word, or a button marked NO if it was not a word (i.e., pseudo- or non-word). Before 
beginning the experimental blocks, participants performed 24 practice trials at the short SOA 
to confirm their understanding of the task instructions. A short break was given between 
experimental blocks. Reaction time (RT; i.e., the time elapsed between onset of the target and 
the participant’s response) and accuracy for each trial were recorded by the software. 
To account for the general slowing of response times often observed in patients, 
reaction time (RT) semantic priming effects were calculated as the percentage difference 
between RTs to semantically unrelated word pairs and RTs to semantically related word 
pairs. In line with Spitzer et al. (1993) the following calculation was used: ([unrelated − 
related] / unrelated) × 100 (See Chapter Three: 3.4.5 Methodological Concerns for 
discussion). Only correct responses were used in RT analyses. Accuracy priming was 
calculated as the percentage of correct responses to semantically related word pairs less the 
percentage of correct responses to semantically unrelated word pairs. 
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7.3.2.5 Probabilistic reasoning. 
Probabilistic reasoning (i.e., the Jumping to Conclusions [JTC] bias) was investigated 
using an adaptation of Huq et al.’s (1988) original design. During the task explanation 
participants were initially shown two jars, each containing 100 beads with complementary 
colour ratios. Two trials were conducted: Trial 1 consisted of Jars A and B, where Jar A 
contained 85 pink and 15 blue beads and Jar B contained the opposite (85 blue/15 pink); Trial 
2 consisted of Jars C and D, where Jar C contained 60 yellow and 40 red beads and Jar D 
contained the opposite (60 red /40 yellow, see Chapter Three, Figure 3.10 for actual task 
stimuli). Unlike the majority of work (see Garety and Freeman, 1999) participants were first 
asked to indicate the percentage likelihood that a certain colour bead would be drawn at 
random (Table 7.3).  The task was then delivered on computer using the Microsoft 
Powerpoint® program. Beads were presented on screen one at a time representing a random 
draw from one of the jars
41
. Participants were required to make a decision as to which jar the 
beads were being drawn from, based on the colour of the beads drawn, and the colour ratio of 
the jars (theoretically) containing them. Preceding draws were left on screen for participants 
to see. Participants could request up to 20 draws before making a decision. In this way the 
“draws-to-decision” measurement was used that assesses the propensity for data gathering 
before making a decision (Colbert et al., 2010). Because the ratio is closer in the second trial 
it is expected that more draws are required to make a decision. Participants were also asked to 
estimate their level of certainty (%) once they had made a decision. They were requested to 
continue with the trial until they were >85% sure, or had reached the final (20
th
) trial.  
Table 7.3 
Percentage Likelihood Estimates Required from Participants at the Beginning of Each Trial  
Trial Question Correct Response 
1 The likelihood of a pink bead from Jar A 85% 
2 The likelihood of a yellow bead from Jar C 60% 
 
                                                          
41
  The predetermined order of beads was taken from Colbert and Peters (2002) for the first trial (85:15 ratio), 
and from Dudley et al. (1997) for the second trial (60:40). Two versions of randomisation were used per trial 
(the second was the inverse order of the first) and these were counterbalanced across participants. See 
Appendix Q for the sequence of beads per trial.  
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7.3.2.6 Stroop task. 
To obtain a measurement of both mental interference (i.e., inhibitory control) and 
switching (i.e., cognitive flexibility) the four-trial Stroop test was used; the Color-Word 
Interference Test (CWIT; Delis et al., 2001a; 2001b; Fine et al., 2008). Trial One contained 
50 square patches of colour (red, blue, and green), and Trial Two contained the names of 
these colours written in English in an alternate order, and presented in black ink.  These serve 
as base assessments for the participant’s ability to identify the colours and read the words 
respectively. Relative processing speed and attention can be calculated from Trials One and 
Two, and this formed two thirds of the measurement of processing speed. The number of 
errors on these trials was also recorded to determine the potential for a speed-accuracy trade-
off in processing speed group-wise differences.  
Trial Three, the incongruent trial, presented 50 of the same words printed in 
conflicting ink colour, where participants have to inhibit the habitual pre-potent response to 
read the word, and instead name the ink colour. Trial Four also presented these incongruent 
stimuli, however 50% were randomly boxed, and participants were required to make a rule 
change when they came to the boxed stimuli, from naming the ink colour to reading the word 
(see Chapter Three, Figure 3.13 for example stimuli). For each trial participants were 
instructed to read/identify stimuli aloud as quickly as possible, according to the trial rules, 
from left to right without skipping any (i.e., “as though reading a book”). They were 
instructed to correct themselves if they made a conscious error. Participants were initially 
given ten practice stimuli for each trial, and then the total time taken to complete the page 
was recorded, along with the number of errors.  
Stroop inhibition and switching were assessed using derived scores as per Ben-David 
et al. (2011) and Rios et al. (2004, see Appendix C for calculation). As such, the measurement 
of these constructs taken from the third and fourth trial on the Stroop is isolated from the 
effect of processing speed and attention (i.e., using the measurements obtained in the first and 
second trials). 
7.3.2.7 The Trail Making Test (TMT).  
The Trail Making Test (TMT; Reitan, 1958) was used as a measure of processing 
speed and attentional switching. The test consists of Forms A and B. Form A, always given 
first, displays numbers from 1-25 in a random arrangement and participants are required to 
draw a line between the numbers in ascending order as quickly as possible. Form B is 
202 
identical except that both numbers and letters are presented and participants are required to 
draw in ascending order by alternating from number to letter (i.e., 1-A, 2-B, 3-C, see 
Appendix E). If they made a mistake they were required to go back to the last correct 
number/letter before proceeding. Before completing each form participants were given a 
smaller practice set of stimuli (shown in Appendix E) and then the time taken to reach the 
final number/letter was recorded.  
Along with the individual analysis of Forms A and B two derived scores were also 
computed and analysed. First, the derived difference score (Total Time Form B – Total Time 
Form A). Here the executive component of attentional switching is isolated from processing 
speed effects. In line with Arbuthnott and Frank (2000) the ratio score was also computed 
(Total Time Form B/Total Time Form A). These authors have suggested that ratios > 3 offer 
evidence of executive dysfunction particular to set-switching.  
7.3.2.8 Intelligence quotient. 
7.3.2.8.1 Premorbid IQ. 
The National Adult Reading Test (NART; Nelson, 1981) was used to determine 
premorbid IQ
42
. The NART is a 50-item single word reading test, and is graded in difficulty.  
The words violate grapheme-phoneme correspondence rules (e.g., ache, beatify), and 
therefore rely on prior (i.e., premorbid) knowledge of the correct pronunciation of the word, 
rather than current cognitive ability because the application of language rules does not result 
in the correct pronunciation. Each item is scored as correct/incorrect according to 
pronunciation and the total score is converted to an estimate of premorbid IQ. The estimate is 
equivalent to the Wechsler Adult Intelligence Scale-Revised (WAIS-R) scores and 
classifications, discussed in following section (7.3.2.8.2 Current IQ). The test and conversion 
formula is contained in Appendix R.  
7.3.2.8.2 Current IQ. 
The Wechsler Abbreviated Scale of Intelligence (WAIS; The Psychological 
Corporation; 1999) was used to determine current IQ. Given the size and demands of the 
neuropsychological battery as a whole, and the considerable impairment of participants, the 
                                                          
42
 This is in accordance with literature that has established the validity of the NART post brain injury 
(Johnstone et al. [1995], Kersel et al. [2001], Moss & Dowd [1991]), and similar indications in schizophrenia 
(Szoke et al. [2008]). 
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two subtest short form (i.e., Vocabulary and Matrix Reasoning) was administered to reduce 
cognitive demands (Hersen, 2003). The Vocabulary subtest presents the participant with up to 
33 word items both visually and orally, and requires that they provide an oral definition for 
the word. The task is graded in difficulty and each item is scored from 0-2 points according to 
the definition content (i.e., maximum score of 66). The Matrix Reasoning subtest presents up 
to 26 matrices/puzzle items that are graded in difficulty and are composed of four types of 
nonverbal reasoning; pattern completion, classification, analogy, and serial reasoning. The 
participant is required to complete the matrix by identifying the missing section from one of 
five response options. One point is awarded for each matrix correctly completed (i.e., 
maximum score of 26). Scores were age adjusted and standardised into a scaled score. These 
scaled scores were coverted using existing norms into estimates of Wechsler Adult 
Intelligence Scale (WAIS; Wechsler, 1955) Full Scale IQ, with a mean of 100 and SD of 15. 
7.4 Statistical Analyses 
All statistical analyses were conducted using IBM® SPSS® software, Version 19 
(IBM Corporation, 2011).  Cognitive neuropsychological variables were screened according 
to cohort for erroneous inliers, outliers, out-of-range variables, and plausible means and 
standard deviations to ensure data integrity (Green & Salkind, 2005; van den Broeck et al., 
2005).  Missing Variable Analysis (MVA) indicated that there were no patterns of concern 
for missing data; there was no missing data except for the semantic priming task where <5% 
data was missing, Little’s MCAR Test, χ² (455, N=66) = 0, p = 1.0043.  
7.4.1 Normality. 
Continuous variables were assessed for violations of normality via (i) skewness and 
kurtosis statistics (i.e., according to the convention of +/- 2 x standard error, Groeneveld & 
Meeden, 1984), (ii) Kolmogorov-Smirnov and Shapiro-Wilk significance tests, (iii) the visual 
inspection of histograms, and (iv) box and whisker plots. Four of the 12 RBANS subtests 
were non-normal in distribution due to ceiling performance on the easier tasks (i.e., healthy 
controls and TBIWP on Picture Naming), and ≥ 70% by the majority elsewhere (i.e., all 
groups on Figure Copy and List Recognition, all three comparison groups on Line 
Orientation). The following were also non-normal in distribution; ‘f’ and ‘s’ phonological  
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 Reflects reduced cohort size for PFTBI (n = 9) due to the substantial morbidity, and therefore exclusion, of 
participant #P05 from the speeded semantic priming task. 
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Table 7.4 
Description and Psychometric Properties of all Cognitive Neuropsychological Measures 
Measure Author (s) Structure Reliability Validity 
The Repeatable 
Battery for the 
Assessment of 
Neuropsychological 
Status (RBANS) 
Randolph 
(1998) 
A brief, individually administered test measuring attention, 
language, visuospatial/constructional abilities, and immediate 
and delayed memory. The test comprises 12 subtests and is 
suitable for administration of adults between the ages 18-
89yrs. It takes 30min to complete in healthy individuals, and 
up to 2 hours in patient cohorts depending on the severity of 
their illness. Total scaled scores suggest the following 
neuropsychological status; 69 & below=extremely low, 70-
79=borderline, 80-89=low average, 90-109= average, 110-
119=high average, 120-129=superior, 130 & above=very 
superior. 
Split-half reliability, average across all 
age groups, Fisher’s z = 0.80-0.88 
(Subscales), and 0.94 (Total Scale 
Score). Test-retest (Form A to Form A), 
r = 0.55-0.78 (Subscales), and 0.88 
(Total Scale Score) (all p<0.05). Inter-
rater reliability for the Figure Copy 
Subtest (only subjectively rated subtest), 
κ = 0.85 (Randolph, 1998). Reliable in 
schizophrenia (Randolph et al., 1998) 
and TBI (McKay et al., 2008) clinical 
populations. 
Construct validity, subscale 
correlations show expected 
relationships depending on the 
distinctness/crossover with the 
cognitive construct, r =0.28-0.63, and 
subscales with total scale scores, r = 
0.68-0.77 (all p <0.05). Concurrent 
validity, r = 0.38-0.82 (all p< 0.05). 
The author also reports adequate 
content validity, and validity in both 
schizophrenia and TBI clinical 
populations (Randolph, 1998). 
Contour Integration 
Task  
Kovacs et 
al. (2000) 
15-card design. A closed circular path of Gabor elements are 
embedded in a random array of Gabor elements of the same 
spatial frequency and contrast to be identified by the 
participant. Each card becomes more difficult as the signal to 
noise ratio decreases (Δ; ratio of the average spacing between 
adjacent background elements to the average spacing between 
adjacent contour elements).  Perception of gestalt considered 
better according to the number of cards accurately detected.  
Inter-rater reliability, ricc = 0.77 
(p<0.001) (healthy controls), ricc = 0.66 
(p<0.005) (full sample; 
psychotic/schizophrenia and controls) 
(Green et al., 2009). 
Demonstrated sensitivity to visual 
integration deficits in 
anisometropic/strabismic amblyopia, 
and in schizophrenia (see Green et al., 
2009 for discussion). 
The Controlled Oral 
Word Association 
Test (COWAT)
a
 
Spreen & 
Strauss 
(1998) 
Speeded verbal production of words (within 60 second time 
limit) beginning with a specified letter. Words must not be 
proper nouns or variants of the same word with a different 
suffix. Total words, clusters, switches, and errors generated 
(including perseverations) can be analysed. 
Inter-rater reliability, ricc = 0.96 
(clusters), ICC = 0.99 (switches), ricc = 
0.99 (total) (all p<0.05). Test-retest, r = 
0.47 (clusters), r = 0.58 (switches), r = 
0.70 (total) (all p<0.05) (Ross, 2003). 
Construct validity (with WAIS 
vocabulary), r = 0.41 (p< 0.05) (Lezak, 
Howieson, & Loring, 2004). 
Semantic Fluency 
(RBANS Subtest) 
Randolph 
(1998) 
Speeded verbal production of words (within 60 second time 
limit) that conform to a specific category (i.e., fruits and 
vegetables, animals). Words must not be the same word with a 
different suffix. Total words, clusters, switches, and errors 
generated (including perseverations) can be analysed. 
Split-half reliability for the RBANS 
Language Index (includes semantic 
fluency), Fisher’s z = 0.82. Test-retest 
(Form A to Form A), r = 0.75 (all 
p<0.05) (Randolph, 1998). 
Good concurrent validity for the 
RBANS Language Index, r = 0.71 
(with BNT raw score) -0.82, and r = 
0.59 (with COWAT, all p< 0.05) 
(Randolph, 1998). 
    (continued) 
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Table 7.4  
Description and Psychometric Properties of Cognitive Neuropsychological Measures (continued) 
Measure Author (s) Structure Reliability Validity 
Probabilistic 
Reasoning 
(Beads) Task 
Huq et al. 
(1988) 
Dudley et al. 
(1997) (60:40 
ratio version) 
Computerised task where participants are shown coloured beads on 
screen (one at a time) in one of two colours. They are told that the beads 
are being drawn randomly from one of two jars, each containing beads 
of the two colours (e.g., red and yellow) in complementary ratios (e.g., 
85:15 and 15:85). Participants are to make a decision as to which jar the 
beads are coming from using their reasoning about the beads ratio. The 
speed at which they do this (“draws-to-decision”) is analysed, along 
with the certainty attached to their decision (0-100%). A one-question 
assessment of reasoning ability before the task can also be incorporated; 
“what is the likelihood (percentage chance) that a red bead will be 
drawn from the jar containing 85 red and 15 yellow beads?” The correct 
response being 85%. 
No available 
psychometric 
properties; variations 
of the task have been 
used in research (esp. 
regarding delusions) 
since Huq et al. (1988) 
(see Dudley & Over, 
2003 for discussion).  
No available psychometric properties; variations of 
the task have been used in research (esp. regarding 
delusions) since Huq et al. (1988) (see Dudley & 
Over, 2003 for discussion). 
The Stroop Task* 
(CWIT version)†  
 
*Stroop (1935) 
†Delis et al., 
(2001a; 2001b) 
Four trial (card) version (50 stimuli p/card); colour patches (Card 1), 
names of colours in black ink (Card 2), names of colours in 
incongruent-coloured ink (Card 3), names of colours in incongruent-
coloured ink, with randomly boxed stimuli requiring a rule change (read 
the word rather than name the ink colour; Card 4). Speeded task, Cards 
1 and 2 provide control measurements. Card 3 indicates inhibition of the 
prepotent word-reading response (over ink colour identification). Card 4 
indicates the same, plus cognitive flexibility (switching). Total time for 
each card, as well as derived scores accounting for control 
measurements, can be analysed. 
Test-retest reliability, 
r= 0.80, (p<0.05) 
(Houx et al., 2002). 
Established validity in healthy and clinical 
populations (MacLeod, 1991; Sisk, 2002; Smith & 
Nyman, 1974, see MacLeod, 1991 for detailed 
discussion). 
The Trail Making 
Test (TMT) 
Reitan (1958) Two part paper-and-pen speeded test measuring visuomotor scanning, 
divided attention, cognitive flexibility, and processing speed. 
Participants must connect dots according to consecutive numbers (Part 
A), and alternating numbers/letters (Part B).  Part B gives a measure of 
cognitive flexibility while accounting for processing speed (i.e., time 
difference between Parts A and B).  
Test-retest reliability, 
r= 0.60 – 0.90 (Lezak 
et al., 2004). High 
inter-rater reliability 
(Fals-Stewart, 1992). 
Concurrent validity with alternate tests of 
processing speed/cognitive flexibility, r= - 0.65 
(Digit Symbol and Part B) (p<.01) (Corrigan & 
Hinkeldey, 1987), and Full Scale WAIS IQ -0.44 - 
-0.70 (p<.01) (Goul & Brown, 1970; Reitan, 1958). 
Demonstrated sensitivity in the detection of organic 
brain injury (Reitan, 1955; 1958). 
    (continued) 
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Table 7.4 
Description and Psychometric Properties of Cognitive Neuropsychological Measures (continued) 
Measure Author (s) Structure Reliability Validity 
The National 
Adult Reading 
Test (NART) 
Nelson (1981) A 50-item single word reading test graded in difficulty. The 
words violate grapheme-phoneme correspondence rules 
(e.g., ache, beatify) and therefore rely on prior (premorbid) 
knowledge of the correct pronunciation of the word. Total 
correctly/incorrectly pronounced words are summed (i.e., 
maximum of 50) and converted to premorbid IQ estimate.  
Established internal consistency (Crawford et 
al. 1988; Nelson & Willison, 1991), test retest 
reliability (Crawford et al. 1989) and inter-
rater reliability (O'Carroll, 1987; Crawford et 
al. 1989).  
Concurrent validity (with the 
WAIS), r = 0.72-0.81 (Lezak et al., 
2004), and Moray House Test 
(current IQ), r = 0.73 (p<.001) 
(Crawford et al., 2001). Case study 
evidence (Moss & Dowd, 1991). 
Wechsler 
Abbreviated 
Scale of 
Intelligence 
(WASI) 
Wechsler/The 
Psychological 
Corporation, 
1999 
Two subtest short form (Vocabulary and Matrix Reasoning).  
The Vocabulary subtest is a 33 word item test that requires 
participants to provide an oral definition. Each item is 
scored from 0-2 points (maximum 66 points). The Matrix 
Reasoning subtest is a 26-item test that requires nonverbal 
reasoning. Participants identify the missing section of each 
matrix from five response options. Each matrix is worth 1 
point (maximum 26 points).  Scores are converted to 
estimates of WAIS full scale IQ.  
Internal consistency/split half reliability, r = 
0.90-0.98 (Vocabulary), r = 0.88-0.96 (Matrix 
Reasoning). Test re-test reliability, r = 0.87-
0.92. Inter-rater reliability for subjectively 
scored Vocabulary subtest, r = 0.99 (Garland, 
2005). 
Content validity maintained from 
WAIS-III. Concurrent validity, two 
subtest full scale IQ with WAIS-III, 
r =0.87 (Garland, 2005).  
Note. No data is available for the Semantic Priming Lexical Decision Task given that this task has no standard administration. 
a 
Phonological Fluency (F-A-S). 
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fluency trials for the TBIWP group only, chunking and switching ratings on the verbal 
fluency data, all Stroop variables, all TMT variables, the initial prediction trials on the 
probabilistic reasoning task (i.e., C1 and C2, see Table 7.19 in 7.5: Results), and  selected 
priming distributions from the healthy control, schizophrenia, and PFTBI cohorts. Although 
ANOVA techniques may remain robust even where normality is violated, alternative analyses 
were sought given that group sizes were < n = 30 (Green & Salkind, 2004). Data 
transformations were initially applied to all non-normal distributions but did not improve 
normality for a number of variables. Table 7.5 indicates all non-normal distributions and their 
applied solutions. 
 
Table 7.5 
Non-normal Variables and Statistical Solutions 
Variable Solution 
RBANS subtests (n = 4). t-tests / Bonferroni correction for multiple comparisons. 
Phonological fluency 
(f and s trials TBIWP cohort only). 
Raw scores for these distributions considered most 
appropriate / conservative p value (i.e., p < .01, 
interpreted with some caution). 
Probabilistic reasoning 
(initial prediction data only). 
t-tests / Bonferroni correction for multiple comparisons. 
Selected priming distributions 
(healthy control, schizophrenia, 
and PFTBI cohorts). 
Removal of outliers (healthy control; H05, H06, H10, 
H16, and H18; schizophrenia; S09, S13, S14, S17, and 
S21). Majority resolved, interpreted following with some 
caution; (i) healthy control group percentage correct 
related and unrelated conditions, short SOA, and (ii) 
PFTBI group percentage correct data all conditions. 
Fluency (all clustering and 
switching variables only, n = 4). 
Square root transformation. 
All Stroop. 
Log transformation. Trial One and Two errors were not 
improved by transformation; nonparametric statistics 
(Kruskal-Wallis H) used.  
All TMT. Inverse square root transformation. 
 
7.4.2 Group-wise comparisons. 
The following section details the statistical analyses specific to group-wise 
comparisons for each task. With the exception of the semantic priming task, probabilistic 
reasoning task, and the abovementioned t–tests indicated in Table 7.5, all analyses were 
performed using univariate Analysis of Variance (ANOVA), with participant group as the 
between subjects factor. Some additional paired t-test analyses were performed to address  
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specific hypotheses (i.e., phonological versus semantic comparisons in verbal fluency, and 
immediate versus delayed memory on the RBANS, discussed in the following section 7.4.3: 
Additional Analyses). Post hoc tests were performed using Student-Newman-Keuls (SNK) 
tests, except where the assumption of homogeneity of variance was violated (Table 7.6). In 
such cases the more conservative Welsh F ratio was reported, and Dunnett’s C post hoc was 
used to control for Type I error across pairwise comparisons. Partial Eta squared was used to 
determine effect sizes (Tabachnick & Fidell, 1996), except where data were submitted to 
independent sample t- tests, for which Cohen’s d was used instead (Green & Salkind, 2005). 
Partial Eta squared effect sizes were considered small at 0.01, medium at 0.09, and large at 
0.25 (Levine & Hullett, 2002). Cohen’s d effect sizes of 0.2, 0.5, and 0.8 were interpreted as 
small, medium, and large respectively (Green & Salkind, 2005). 
 
Table 7.6 
Variables Violating the Assumption of Homogeneity of Variance 
RBANS Indices Visuospatial Index 
RBANS Subtests 
List Learning, Figure Copy, Line Orientation, Picture Naming, Coding, List 
Recognition, Story Recall 
Fluency  
Phonological Fluency Switching, Semantic Fluency Mean Cluster Size and 
Switching. 
Stroop Colour Trial, Inhibition Trial, Derived Interference Score 
 
7.4.3 Additional analyses. 
7.4.3.1 Immediate versus delayed memory. 
Paired t-tests were performed for each cohort using data from the RBANS Immediate 
Memory, and RBANS Delayed Memory indices. This analysis addressed the question of 
expected superior abilities to immediate memory recall relative to delayed memory recall.  
7.4.3.2 Fluency-type. 
Total words produced for phonologically-driven fluency (i.e., the sum of trials ‘f’, ‘a’, 
and ‘s’) were first divided by three  to be comparable with semantically-driven fluency (one 
trial).  Paired-sample t –tests were then run for each cohort separately to determine the 
relative within-group performance according to fluency type. 
7.4.3.3 Semantic priming. 
Semantic priming reaction time (RT) and accuracy raw scores were submitted to 
separate repeated measures ANOVA with SOA (two levels: short and long) and relatedness   
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(two levels: related and unrelated) as within subjects’ factors. Participant group was the 
between subjects’ factor. For both the RT and accuracy analyses, data met the assumption of 
sphericity, however the assumption of homogeneity of the variance-covariance matrices was 
violated: RT, Box’s M = 62.13, F (30, 3,427.40) = 1.73, p = .008; Accuracy, Box’s M = 
96.53, F (30, 3,487.33) = 2.69, p < .001.   This is likely a reflection of the aforementioned 
violations to normality, and of unequal group sizes. Again, while the ANOVA may remain 
robust under these conditions, an alpha level of p <.01 was applied to reduce the likelihood of 
a type I error. Equality of error variance was confirmed for two of the four conditions for RTs 
and for all but one condition for accuracy: RTs; unequal error variance to the unrelated 
conditions for both the short and long SOAs, and accuracy; unequal error variance to the 
related condition at the long SOA. To account for unequal error variance, post hoc analyses, 
where appropriate, were run using the Dunnett’s C test. Results for these variables should be 
viewed with some caution. 
Multivariate analyses of variance (MANOVA) compared the four participant groups 
on RT and accuracy derived priming scores at both the short and long SOAs. The assumption 
of homogeneity of the variance-covariance matrices was met for the derived priming data; 
Box’s M = 46.99, F (30, 3,517.03) = 1.31, p = .12.  Error variance across the groups was 
shown to be equal except for the accuracy priming at the short SOA.  Accordingly, post hoc 
analysis, where appropriate, used the Dunnett’s C test. 
7.4.3.4 Probabilistic reasoning. 
The probabilistic reasoning task produces three indices per trial; (i) initial prediction, 
(ii) draws-to-decision, and (iii) confidence. A fourth index, jumping to conclusions (JTC) 
behaviour, is determined from the draws-to-decision data and defined as requesting ≤ two 
beads before making a decision. As mentioned in discussions on normality, the initial 
prediction data was submitted to t –tests with a Bonferroni correction to account for multiple 
comparisons (p=.05 / 6 comparisons = p < .008). The remaining probabilistic reasoning data 
was submitted to a repeated measures analysis of variance (ANOVA) with ratio (two levels: 
85:15 and 60:40) and index (two levels: draws-to-decision and confidence) as within 
subjects’ factors. Participant group was the between subjects’ factor. Assumptions of 
homogeneity of variance and homogeneity of inter-correlations were met; Box’s M = 50.06, 
F (30, 3797.08) = 1.42, p = .065. Greenhouse-Geisser corrected F values are reported 
because sphericity was violated, and error variance across groups was unequal. JTC 
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behaviour (the fourth index) was investigated using a two-way contingency table analysis 
(chi-square). 
The same repeated measures and t-test analyses were then re-run on the data from the 
schizophrenia and PFTBI groups, with the presence of delusions as the grouping factor 
(according to scores on the Positive and Negative Syndrome Scale [PANSS; Kay et al., 
1987]). To eliminate as many other influential variables as possible the TBIWP group were 
not included in this analysis. However, the healthy control group were incorporated in the 
group without delusions to ensure adequate statistical power; without the healthy control 
group the number of patients without delusions was n =2. Assumptions of sphericity, 
homogeneity of variance and homogeneity of intercorrelations were violated; Box’s M = 
28.43, F (10, 12,514.89) = 2.61, p = .004. The alpha level was thereby reduced to p <.01 to 
account for potential inequality of variance-covariance matrices. Greenhouse-Geisser 
corrected F values are reported given that sphericity was violated and the error variance 
across groups was unequal. Again, JTC behaviour was investigated using a two-way 
contingency table analysis (chi-square). 
7.5 Results 
7.5.1 Descriptive statistics and z-score illustrations. 
Descriptive statistics for each cognitive neuropsychological measure are contained in 
Tables 7.7 to 7.25. In general, the PFTBI group illustrated the lowest mean performance 
across all tasks relative to the other three cohorts. For the sake of clarity, descriptive and 
inferential statistics, tables, figures, and discussion pertaining to each task are addressed in 
turn. Results are presented in the order introduced in Section 7.3.2: Experimental Measures 
and Procedure (i.e., according to measure rather than neuropsychological domain). 
Scores derived from the cognitive neuropsychological measures were standardised 
(i.e., z-scores) using the following equation; 
z = 
raw score – healthy control mean 
healthy control standard deviation 
 
 
Thus, the healthy control group represented the zero point for all standardised scores to depict 
the standardised difference between groups across the multiple outcome variables. These are 
presented in Figures 7.2 to 7.16.  
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7.5.2 The Repeatable Battery for the Assessment of Neuropsychological Status 
(RBANS). 
7.5.2.1 RBANS classifications. 
Figure 7.1 depicts the within group spread of performance according to overall 
RBANS classifications (i.e., RBANS Total scaled score). The majority of participants from 
all groups fell into the “average range”, except for PFTBI patients where only 30% were 
classified in this range. The remaining healthy control participants scored well, with 91.31% 
falling between “average”, “high average”, and “superior” ranges. TBIWP patients scored 
similarly, except that 20% of these (n =2) were within the “low average” range. Patients with 
schizophrenia performed more poorly overall, with the majority of the group scoring below 
average; 52.16% were classified between “extremely low”, “borderline”, or “low average”. 
Finally, the poorest overall neuropsychological performance was illustrated by PFTBI 
patients, with 70% classified in the “extremely low” or “borderline” categories.   
7.5.2.2 RBANS indices and total score 
Descriptive and inferential statistics for the RBANS indices and total scores are 
presented in Table 7.7. The ANOVA was significant at the .001 level for all group 
comparisons on RBANS index and total scores, with the exception of the Language Index 
Score (p = .07, see Table 7.7).  Post hoc SNK/Dunnetts C comparisons confirmed that the 
PFTBI group performed consistently below the three comparison groups on all RBANS 
indices including the total scaled score, with the exception of the Visuo-spatial index (and the 
Language index where no group differences were shown). Figure 7.2 illustrates these 
differences according to standardised group means (i.e., z-scores). On the Visuo-spatial index 
the PFTBI and schizophrenia groups showed comparable performance which was poorer than 
that of the TBIWP cohort (although TBIWP and schizophrenia patients were not statistically 
different).  All patient groups performed below the healthy cohort on this index. Patients with 
schizophrenia were the next poorest performers overall (i.e., RBANS Total) and on 
Immediate Memory, followed by the TBIWP and healthy groups which were not 
significantly different from each other. All three comparison groups showed equally superior 
performance relative to the PFTBI group on Delayed Memory. Finally, the schizophrenia and 
TBIWP groups were equally poor on Attention, and this was significantly below the 
performance of the healthy cohort, however TBIWP Attention was also matched to that of 
healthy controls. According to Levine and Hullett (2002) these effects are very large in size, 
ranging from .30 to .46 (where .25 is considered a large effect, see Table 7.7). 
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Figure 7.1. Neuropsychological classification (RBANS Total score) according to participant group.  
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Table 7.7 
Group Comparisons across RBANS Indices and Total Score 
 Mean (Standard Deviation) [95% confidence intervals]     
Measure 
HC 
(n = 23) 
TBIWP 
(n = 10) 
SCZ 
(n = 23) 
PFTBI 
(n = 10) 
F
a
 
(df = 3,62) 
p Effect Size 
(partial η²) 
Post hoc 
SNK/Dunnetts C 
Immediate 
Memory 
113.57 (13.99) 
[107.15, 119.99] 
104.80 (13.75) 
[95.06, 114.54] 
91.65 (16.28) 
[85.23, 98.07] 
76.10 (17.85) 
[66.36, 85.84] 
16.44 <.001 .44 PFTBI<SCZ<TBIWP=HC 
Visuo-
spatial 
116.91 (7.86) 
[111.19, 122.64] 
105.60 (14.71) 
[96.92, 114.28] 
96.35 (17.42) 
[90.62, 102.07] 
91.10 (13.80) 
[82.42, 99.78] 
16.16
b
 <.001 .37 
PFTBI=SCZ 
<SCZ=TBIWP<HC
c
 
Language 
97.61 (9.30) 
[92.74, 102.48] 
100.00 (12.55) 
[92.62, 107.39] 
94.74 (13.39) 
[89.87, 99.61] 
87.20 (11.54) 
[79.82, 94.59] 
2.46 .07 .11 NS 
Attention 
107.00 (13.48) 
[100.26, 113.74] 
98.40 (13.91) 
[88.18, 108.62] 
91.09 (16.88) 
[84.35, 97.83] 
77.20 (21.64) 
[66.98, 87.42] 
8.82 <.001 .30 
PFTBI<SCZ=TBIWP 
<TBIWP=HC 
Delayed 
Memory 
101.96 (14.70) 
[95.52, 108.40] 
95.40 (10.57) 
[85.64, 105.16] 
89.87 (14.65) 
[83.43, 96.31] 
68.30 (21.88) 
[58.54, 78.06] 
11.33 <.001 .35 PFTBI<SCZ=TBIWP=HC 
RBANS 
Total 
110.57 (10.79) 
[104.60, 116.53] 
100.80 (13.11) 
[91.75, 109.85] 
88.52 (16.56) 
[82.56, 94.49] 
74.90 (16.84) 
[65.85, 83.95] 
17.66 <.001 .46 PFTBI<SCZ<TBIWP=HC 
a 
Analysis of Variance (ANOVA). 
b Welsh’s F ratio. 
c
 Dunnetts C post hoc test to account for unequal error variance. 
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Figure 7.2.Standardised participant group means (z-scores) for RBANS index and total scale scores. Healthy control data represents the zero point. Error bars 
represent standard error of the mean and are colour coded to enhance visibility. 
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7.5.2.3 Immediate versus delayed memory.  
Descriptive data for the RBANS Immediate and Delayed Memory indices are 
contained in Table 7.7. The paired-sample t-test statistics are contained in Table 7.8. All 
groups illustrated better immediate versus delayed memory ability, except for the 
schizophrenia cohort whose performance was statistically matched (although, their means 
trended in the same direction as the other cohorts). All significant comparisons were 
considered large in effect (Green & Salkind, 2005). 
 
 
Table 7.8 
Paired Sample t-test Comparisons for RBANS Immediate versus Delayed Memory  
 t-statistic p Effect Size (Cohen’s d) 
HC (n = 23) 3.47 .002 0.72 
TBIWP (n = 10) 2.74 .02 0.87 
SCZ (n = 23) 0.58 .57 0.12 
PFTBI (n = 10) 2.52 .03 0.80 
Note. HC and SCZ, df = 22, TBIWP and PFTBI, df = 9. 
 
7.5.2.4 RBANS subscales. 
Descriptive and inferential data for normally distributed RBANS subscales are 
contained in Table 7.9.  Table 7.10 contains the means and standard deviations for the non-
normally distributed RBANS subscales, and Table 7.11 contains the t-test comparisons for 
these variables. Although performance on the individual RBANS subscales was not 
hypothesised (with the exception of semantic fluency covered in Section 7.5.4: Verbal 
Fluency), the results are reported here in the interest of completeness. Post hoc analyses 
(SNK/Dunnetts C/t-tests) on the twelve RBANS subscales showed no consistent pattern 
(Tables 7.9 and 7.10). Very generally, the PFTBI group showed either the poorest 
performance, or equally matched poorest performance with the schizophrenia group, while 
the TBIWP and healthy control cohorts showed matched performance across all subscales. 
These findings are depicted visually in Figure 7.3 according to standardised group means 
(i.e., z-scores).  In only some circumstances did the subscale performance reflect group 
performance patterns shown at the related index score; Immediate/Delayed Memory and 
Language subscales reflected index patterns; however, the Visuo-spatial and Attention 
indices showed very different subscale patterns of performance. 
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Table 7.9 
Group Comparisons across RBANS Subscales (Normally Distributed) 
 Mean (Standard Deviation) [95% confidence intervals]     
Measure 
HC 
(n = 23) 
TBIWP 
(n = 10) 
SCZ 
(n = 23) 
PFTBI 
(n = 10) 
F
a
 
(df = 3,62) 
p Effect Size 
(partial η²) 
Post Hoc 
(SNK/Dunnetts C) 
List Learning 
35.13 (3.24) 
[33.26, 36.99] 
33.10 (3.41) 
[30.27, 35.93] 
28.48 (4.57) 
[26.61, 30.35] 
22.70 (7.06) 
[19.87, 25.53] 
16.60
b
 <.001 .51 PFTBI=SCZ<TBIWP= HC
c
 
Story Memory 
19.83 (2.92) 
[18.21, 21.45] 
17.40 (4.48) 
[14.94, 19.86] 
15.65 (4.51) 
[14.03, 17.27] 
12.90 (3.67) 
[10.44, 15.36] 
8.72 <.001 .30 
PFTBI=SCZ< 
SCZ=TBIWP<TBIWP=HC 
Semantic 
Fluency 
20.70 (3.75) 
[18.59, 22.80] 
21.50 (5.76) 
[18.30, 24.70] 
19.17 (5.80) 
[17.07, 21.28] 
16.30 (5.17) 
[13.10, 19.50] 
2.30 .09 .10 NS 
Digit Span 
12.52 (2.56) 
[11.40, 13.64] 
10.60 (2.46) 
[8.90, 12.30] 
11.43 (2.95) 
[10.31, 12.56] 
9.40 (2.55) 
[7.70, 11.10] 
3.47 .02 .14 PFTBI<HC 
Coding 
58.43 (9.56) 
[53.62, 63.26] 
55.20 (7.69) 
[47.89, 62.51] 
42.22 (12.34) 
[37.40, 47.04] 
34.70 (16.34) 
[27.39, 42.01] 
11.98
b
 <.001 .40 PFTBI=SCZ<TBIWP=HC
c
 
List Recall 
7.96 (2.08) 
[7.02, 8.89] 
6.90 (2.73) 
[5.48, 8.32] 
5.35 (2.17) 
[4.41, 6.29] 
3.60 (2.32) 
[2.18, 5.02] 
10.56 <.001 .34 
PFTBI<SCZ=TBIWP 
<TBIWP=HC 
Story Recall 
10.43 (1.62) 
[9.41, 11.46] 
8.90 (2.60) 
[7.34, 10.46] 
8.52 (2.84) 
[7.50, 9.55] 
5.70 (2.98) 
[4.14, 7.26] 
8.55
b
 .001 .30 
PFTBI=SCZ=TBIWP 
<TBIWP=HC
c
 
Figure Recall 
15.87 (3.45) 
[14.21, 17.53] 
14.60 (3.84) 
[12.08, 17.12] 
11.61 (3.70) 
[9.95, 13.27] 
7.80 (5.69) 
[5.28, 10.32] 
11.08 <.001 .35 
PFTBI<SCZ=TBIWP 
<TBIWP=HC 
a 
Analysis of Variance (ANOVA). 
b Welsh’s F ratio. 
c
 Dunnetts C post hoc test to account for unequal error variance. 
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Table 7.10 
Descriptive Statistics for the RBANS Subtests Variables with Non-normal Distribution 
 Mean (Standard Deviation)  
Measure 
HC 
(n = 23) 
TBIWP 
(n = 10) 
SCZ 
(n = 23) 
PFTBI 
(n = 10) 
Summary of  
Group Differences  
(see Table 7.11) 
Figure Copy 19.74 (0.62) 19.00 (1.56) 17.87 (3.05) 17.70 (1.49) 
PFTBI<HC 
SCZ<HC 
Line Orientation 19.70 (0.63) 17.80 (3.16) 16.74 (3.39) 16.40 (2.32) 
PFTBI<HC 
SCZ<HC 
Picture Naming 10 (0) 10 (0) 9.87 (0.46) 9.70 (0.67) NS 
List Recognition 19.65 (0.71) 19.70 (0.48) 19.22 (0.95) 17.40 (3.34) NS 
 
For the Immediate Memory subscales (i.e., List Learning and Story Memory) the only 
exceptions were, (i) the TBIWP group showed superior performance relative to the 
schizophrenia group on the List Learning task (reflected at the index score), however, their 
Story Memory performance was matched, and (ii) the PFTBI group showed matched 
performance with the schizophrenia group on both subscales, however, the index score 
identified the PFTBI group as inferior on Immediate Memory recall.  The Language index 
subscales (i.e., Picture Naming and Semantic Fluency) reflected the Language index exactly, 
with no significant differences in performance shown from the groups. Delayed Memory 
index differences included, (i) superior performance was shown by healthy controls relative 
to schizophrenia in the List Recall, Story Recall, and Figure Recall subscales, whereas these 
groups showed matched performance (along with TBIWP) on the index score, (ii) the PFTBI 
patients showed the poorest performance on the List Recall and Figure Recall subscales (i.e., 
reflected in the Delayed Memory Index score); however, their performance was matched with 
that of schizophrenia patients on the Story Recall subscale, and (iii) List Recognition showed 
no significant group differences (see Table 7.7 for Index score performance patterns).  
Significant differences according to the Visuo-Spatial index subscales (i.e., Figure 
Copy and Line Orientation) were shown only between the healthy control and PFTBI, and 
healthy control and schizophrenia groups’ performance. Comparisons on the Visuo-Spatial 
index; however, reached statistical significance between head injured groups as well (i.e., 
PFTBI and TBIWP). Finally, only the matched TBIWP and healthy control performance on 
the Attention index score was shown on the Digit Span and Coding subscales. Significantly 
different Digit Span abilities were identified between healthy control and PFTBI groups only,  
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Table 7.11 
Multiple Group Comparisons for RBANS Subtest Variables with Non-normal Distribution; Significance of T-tests, Cohen’s d and 95% Confidence Intervals 
 HC & TBIWP 
(df=31) 
 HC & SCZ 
(df=44) 
 HC & PFTBI 
(df=31) 
 Figure 
Copy* 
Line 
Orientation* 
Picture 
Naming 
List 
Recognition 
 Figure 
Copy* 
Line 
Orientation* 
Picture 
Naming* 
List 
Recognition 
 Figure 
Copy* 
Line 
Orientation* 
Picture 
Naming* 
List 
Recognition* 
t
 a
 1.45 1.88 - -.19  2.88 4.11 1.37 1.75  4.16 4.42 1.41 2.11 
p .18 .09 - .85  .008 <.001 .19 .09  .002 .001 .19 .06 
d
 b
 0.25 0.33 - -.03  0.42 0.61 0.20 0.26  0.72 0.77 0.25 0.37 
95% 
CI  
-0.40 
1.87 
-0.37 
4.16 
- -0.55 
0.46 
 0.53 
3.21 
1.47 
4.44 
-0.07 
0.33 
-0.07 
0.93 
 0.95 
3.13 
1.63 
4.97 
-0.18 
0.78 
-0.15 
4.65 
              (continued) 
 
 
Table 7.11  
Multiple Group Comparisons for RBANS Subtest Variables with Non-normal Distribution; Significance of T-tests, Cohen’s d and 95% Confidence Intervals 
(continued) 
 SCZ & TBIWP 
(df=31) 
 SCZ & PFTBI 
(df=31) 
 TBIWP & PFTBI 
(df=18) 
 Figure 
Copy 
Line 
Orientation* 
Picture 
Naming 
List 
Recognition 
 Figure 
Copy* 
Line 
Orientation* 
Picture 
Naming 
List 
Recognition* 
 Figure 
Copy 
Line 
Orientation 
Picture 
Naming* 
List 
Recognition* 
t
 a
 -1.10 -0.84 -0.89 -1.51  0.17 0.29 0.85 1.69  1.90 1.13 1.41 2.16 
p .28 .41 .38 .14  .87 .78 .41 .12  .07 .27 .19 .06 
d
 b
 -0.19 -0.15 -0.14 -0.26  0.03 0.05 0.15 0.29  0.42 0.25 0.32 0.48 
95% 
CI  
-3.22 
0.96 
-3.63 
1.51 
-0.43 
0.17 
-1.13 
0.17 
 -1.91 
2.25 
-2.07 
2.75 
-0.24 
0.58 
-0.59 
4.22 
 -0.14 
2.74 
-1.20 
4.00 
-0.18 
0.78 
-0.10 
4.70 
a 
Independent Samples t-test Statistic. 
b Cohen’s d effect size. 
*Equal variances not assumed. 
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Figure 7.3.Standardised participant group means (z-scores) for RBANS subscale scores. Healthy control data represents the zero point. Error bars represent 
standard error of the mean and are colour coded to enhance visibility. 
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with healthy controls showing superior performance. On the Coding task, PFTBI and 
schizophrenia patients showed matched performance, which was reduced compared to 
TBIWP and healthy controls (who were also matched). However the Attention index score 
identified differences between PFTBI and schizophrenia performance, which was reduced 
compared to healthy controls (i.e., TBIWP patient performance was matched with that of both 
schizophrenia and healthy controls). 
Effect sizes for these differences on the RBANS subscales ranged from 0.14 to 0.51 
for normally distributed variables (partial Eta squared), and from 0.42 to 0.77 for variables 
with a non-normal distribution (Cohen’s d). These were generally considered medium to very 
large in size (see Tables 7.9 and 7.11, Green & Salkind, 2005; Tabachnick & Fidell, 1996).  
7.5.3 Gabor Elements Contour Integration Task (GECIT). 
Descriptive and inferential data for the GECIT task is contained in Table 7.12, and the 
z-score comparison in Figure 7.4. All four groups reached a similar number of (mean) card 
trials on the GECIT task (i.e., between the ninth and tenth card).  However, while the means 
are close together, a tendency for the psychosis cohorts (i.e., PFTBI and schizophrenia 
patients) to reach an average of approximately one less card was observed (see Figure 7.4). 
Nonetheless, this trend was not significant, and nor were any other group comparisons on the 
GECIT task.   
 
Table 7.12 
Group Comparisons on the GECIT task 
 Mean (Standard Deviation) [95% confidence intervals]    
Measure 
HC 
(n = 23) 
TBIWP 
(n = 10) 
SCZ 
(n = 23) 
PFTBI 
(n = 10) 
F
a
 
(df = 3,62) 
p Effect Size 
(partial η²) 
GECIT 
10.17 (2.08) 
[9.32, 11.03] 
10.60 (2.50) 
[9.30, 11.90] 
9.35 (1.75) 
[8.49, 10.20] 
9.10 (2.18) 
[7.80, 10.40] 
1.52 .22 .07 
a 
Analysis of Variance (ANOVA). 
 
7.5.4 Verbal fluency (phonological and semantic). 
7.5.4.1 Participant group comparisons.  
Descriptive and inferential statistics for the verbal fluency data are contained in Table 
7.13. Data from the RBANS Semantic Fluency subtest is repeated for comparison. The 
PFTBI group showed the lowest mean production of words across all five tests of verbal   
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Figure 7.4. Standardised participant group means (z-scores) for the Gabor Elements Contour 
Integration Task (GECIT). Healthy control data represents the zero point. Error bars represent 
standard error of the mean and are colour coded to enhance visibility. 
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medium to large in size (Table 7.13).  For phonological fluency (a), post hoc SNK tests 
showed that word production from the PFTBI group was reduced relative to word production 
from the schizophrenia and healthy controls, who were comparable. Word production for the 
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Table 7.13 
Group Comparisons on Phonological and Semantic Fluency 
 Mean (Standard Deviation) [95% confidence intervals]     
Measure 
HC 
(n = 23) 
TBIWP 
(n = 10) 
SCZ 
(n = 23) 
PFTBI 
(n = 10) 
F
a
 
(df = 3,62) 
P Effect Size 
(partial η²) 
Post Hoc 
(SNK) 
Phonological 
Fluency (f) 
16.39 (4.25) 
[14.27, 18.51] 
14.50 (5.15) 
[11.29, 17.72] 
14.91 (5.50) 
[12.79, 17.03] 
11.20 (5.79) 
[7.99, 14.42] 
2.44 .07 .11 NS 
Phonological 
Fluency (a) 
15.35 (3.65) 
[13.52, 17.18] 
11.40 (4.01) 
[8.63, 14.17] 
14.04 (5.21) 
[12.22, 15.87] 
9.70 (4.19) 
[6.93, 12.47] 
4.74 .005 .19 
PFTBI=TBIWP 
<TBIWP=SCZ=HC 
Phonological 
Fluency (s) 
19.21 (5.33) 
[16.90, 21.54] 
14.20 (4.94) 
[10.68, 17.72] 
16.00 (5.97) 
[13.68, 18.32] 
13.50 (5.68) 
[9.98, 17.02] 
3.43 .02 .14 NS 
Phonological 
Fluency Total 
50.96 (11.41) 
[45.47, 56.44] 
40.10 (13.33) 
[31.78, 48.42] 
45.78 (14.30) 
[40.30, 51.27] 
34.40 (14.08) 
[26.08, 42.72] 
4.22 .009 .17 PFTBI<HC 
Semantic 
Fluency Total 
20.70 (3.75) 
[18.59, 22.80] 
21.50 (5.76) 
[18.30, 24.70] 
19.17 (5.80) 
[17.07, 21.28] 
16.30 (5.17) 
[13.10, 19.50] 
2.30 .09 .10 NS 
a 
Analysis of Variance (ANOVA). 
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Figure 7.5. Standardised participant group means (z-scores) for phonological (‘f’, ‘a’,‘s’) and total words produced) and semantic fluency. Healthy control 
data represents the zero point. Error bars represent standard error of the mean and are colour coded to enhance visibility. 
-2.5
-2
-1.5
-1
-0.5
0
0.5
1
z-
S
co
re
Healthy control 
-4.5
-4
-3.5
-3
-2.5
-2
-1.5
-1
-0.5
0
0.5
1
z-
S
c
o
r
e
healthy control traumatic brain injury without psychosis (TBIWP) schizophrenia psychosis following TBI (PFTBI)Traumatic brain injury without psychosis (TBIWP) 
-4.5
-4
-3.5
-3
-2.5
-2
-1.5
-1
-0.5
0
0.5
1
z-
S
c
o
r
e
healthy control traumatic brai  inj r  is ( I P) schizophrenia psychosis following TBI (PFTBI)Schizophrenia 
-4.5
-4
-3.5
-3
-2.5
-2
-1.5
-1
-0.5
0
0.5
1
z-
S
co
re
healthy control trau atic bra  i ju y it os  TBIW ) schizophr psych is following TBI (PFTBI)Psychosis f llowing I ( I) 
-4.5
-4
-3.5
-3
-2.5
-2
-1.5
-1
-0.5
0
0.5
1
z-
S
co
re
he lthy con rol traumatic brain injury without psychosis (TBIWP) sc izophrenia p hosi l wing TBI (PF I)
Phonological Fluency (a) Phonological Fluency (s) Phonological Fluency Total Semantic Fluency Total Phonological Fluency (f) 
 224 
TBIWP cohort on this task was statistically matched with all groups. The total phonological 
fluency data indicated that the PFTBI group showed significantly reduced word production 
relative to healthy controls, whereas the TBIWP and schizophrenia performance was 
statistically comparable to all other groups. No other statistically significant differences were 
shown to verbal fluency. 
7.5.4.2 Fluency type. 
Descriptive and inferential statistics for the paired-sample t-test comparisons are 
contained in Table 7.14. All groups illustrated greater semantically-driven fluency relative to 
their performance on phonologically-driven fluency, and these were all large in effect, except 
for the healthy comparisons which were medium to large in size (Green & Salkind, 2005). 
 
Table 7.14 
Paired Sample t-test Comparisons for Fluency Type  
 Mean (Standard Deviation)    
 Phonological Fluency* Semantic Fluency t-statistic p 
Effect Size 
(Cohen’s 
d) 
HC (n = 23) 16.99 (3.80) 20.70 (3.75) -3.16 .005 -0.66 
TBIWP (n = 10) 13.37 (4.44) 21.50 (5.76) -6.07 <.001 -1.92 
SCZ (n = 23) 15.26 (4.77) 19.17 (5.80) -3.84 .001 -0.80 
PFTBI (n = 10) 11.47 (4.69) 16.30 (5.17) -4.19 .002 -1.32 
Note. HC and SCZ, df = 22, TBIWP and PFTBI, df = 9. 
* Phonological fluency score here was the total divided by three (i.e., originally derived from three 
trials) to be compatible with semantic fluency totals (i.e., only one trial). 
 
7.5.4.3 Clustering and switching. 
Descriptive and inferential statistics for the analysis of clusters and switches produced by 
the cohorts on the phonological and semantic fluency task are contained in Table 7.15. Total 
clusters and mean cluster size from all cohorts was similar; approximately one and a half clusters 
with two words per cluster on the phonological task, and four clusters with three words per cluster 
on the semantic task. Accordingly, there were no group-wise differences shown to the number of 
clusters or the mean cluster size produced for either fluency trial.   However, a greater group 
distinction was shown to the mean number of switches, with PFTBI patients switching between 
clusters the least of any cohort during both fluency trials. This was followed by TBIWP, 
schizophrenia, and the healthy cohort on the phonological fluency trial, and by the schizophrenia, 
TBIWP, and healthy cohort on the semantic fluency trial (see Figure 7.6 for these patterns). Post 
Hoc Dunnett C tests indicated that PFTBI patients made fewer switches relative to the healthy  
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Table 7.15 
Group Comparisons on Fluency Clustering and Switching 
 Mean (Standard Deviation) [95% confidence intervals]     
Measure 
HC 
(n = 23) 
TBIWP 
(n = 10) 
SCZ 
(n = 23) 
PFTBI 
(n = 10) 
F
a
 
(df = 3,62) 
P Effect Size 
(partial η²) 
Post Hoc 
(Dunnett C) 
Phonological Fluency         
Total Clusters 
1.51 (0.41) 
[1.33, 1.69] 
1.25 (0.56) 
[0.84, 1.65] 
1.44 (0.51) 
[1.22, 1.66] 
1.25 (0.48) 
[0.90, 1.59] 
2.61 .06 .11 NS 
Mean Cluster Size 
3.10 (1.24) 
[2.57, 3.64] 
2.13 (1.41) 
[1.13, 3.14] 
2.68 (1.11) 
[2.20, 3.16] 
2.13 (1.15) 
[1.31, 2.95] 
1.31† .30 .07 NS 
Switches 
10.78 (2.51) 
[9.70, 11.87] 
9.20 (2.87) 
[7.15, 11.25] 
9.68 (3.48) 
[8.18, 11.19] 
7.67 (3.43) 
[5.21, 10.12] 
2.73 .05 .12 PFTBI<HC 
Semantic Fluency         
Total Clusters 
4.35 (1.03) 
[3.90, 4.79] 
3.70 (1.34) 
[2.74, 4.66] 
3.83 (1.47) 
[3.19, 4.46] 
3.50 (0.97) 
[2.80, 4.20] 
1.51 .22 .07 NS 
Mean Cluster Size 
3.01 (1.12) 
[2.52, 3.49] 
3.09 (1.15) 
[2.67, 3.91] 
3.80 (2.58) 
[2.68, 4.91] 
3.00 (1.10) 
[2.22, 3.79] 
0.41† .75 .03 NS 
Switches 
6.83 (2.37) 
[5.80, 7.85] 
6.60 (2.17) 
[5.05, 8.15] 
5.70 (2.82) 
[4.48, 6.91] 
4.10 (0.74) 
[3.57, 4.63] 
9.48† <.001 .13 
PFTBI=SCZ 
<SCZ=TBIWP=HC 
a 
Analysis of Variance (ANOVA)  
†Welsh F statistic. 
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Figure 7.6. Standardised participant group means (z-scores) for clusters and switches produced on the phonological and semantic fluency tasks. Healthy 
control data represents the zero point. Error bars represent standard error of the mean and are colour coded to enhance visibility. 
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cohort during the phonological task. However, on the semantic fluency task the psychotic 
cohorts had matched and fewer switches relative to the remaining comparison cohorts. 
Patients with schizophrenia were also matched with the TBIWP and healthy cohort on this 
trial.   
7.5.5 Semantic priming. 
7.5.5.1 Reaction times and percentage accuracy. 
Descriptive statistics for the semantic priming task are presented in Table 7.16.  At the 
short SOA, RTs were fastest from the healthy cohort, followed by the psychosis cohorts (i.e., 
schizophrenia and PFTBI patients with similar RT’s), then followed by the TBIWP group 
who were the slowest.  The same pattern was shown for RTs at the long SOA, except that 
patients with schizophrenia illustrated almost identical performance to the healthy cohort in 
the related condition, with poorer performance from PFTBI patients.  Despite the largest RT 
difference arising from healthy and TBIWP patient comparisons, these groups alone showed 
hypopriming at the long SOA, that is, faster (mean) responses to unrelated versus related 
word pairs (hypopriming is discussed in the following Section 7.5.5.2: Derived Priming). 
Figure 7.7 illustrates these patterns in standardised scores. 
Nonetheless, repeated measures analysis of variance revealed that the patterns in 
mean RTs across cohorts were not statistically different; no RT main effect was shown for 
participant group (p= .10). Reaction times (RTs) were faster overall at the short SOA (M = 
895.89ms, SD = 92.48) relative to the long SOA (M = 1,385.42ms, SD = 96.72) with a large 
effect size (Levine & Hullett, 2002); main effect for SOA, F (1, 51) = 1251.44, p <. 001, 
partial η² = .96. RTs were also faster to semantically related (M =1,134.401ms, SD = 84.17), 
relative to unrelated (M =1,147.30ms, SD = 85.29) word pairs; main effect for word pair 
relationship, F (1, 51) = 5.43, p = .02, partial η² = .10 (a medium effect size; Levine & 
Hullett, 2002). No interaction effects were demonstrated for the RT data. 
The poorest accuracy was shown by the PFTBI group to both related and unrelated 
word pair conditions, and at both short and long SOAs. Although the differences are small, 
the schizophrenia group actually showed the greatest accuracy to related word pairs at the 
short SOA, followed by TBIWP and healthy control cohorts. However, at the long SOA (i.e., 
controlled processing), the healthy and TBIWP groups showed equal greatest accuracy, 
followed by schizophrenia patients. For the unrelated conditions the pattern of accuracy 
scores was identical at both SOAs; greatest accuracy was shown by the healthy group,  
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Table 7.16 
Reaction Time (ms) and Percentage Accuracy of Related and Unrelated Critical Word Pairs at Short and Long Stimulus Onset Asynchrony (SOA)  
 
 
Note. RT data reflects correct responses only. 
  
Mean (Standard Deviation) [95% Confidence Intervals] 
 HC (n = 18)  TBIWP (n = 10)  SCZ (n = 18)  PFTBI (n = 9) 
   Short SOA (250ms)   
 Related  Unrelated  Related  Unrelated  Related  Unrelated  Related  Unrelated 
RT 
(ms) 
866.97 
(75.09) 
[820.01, 
913.92] 
 877.73 
(55.95) 
[834.11, 
921.34] 
 922.44 
(97.28) 
[859.44, 
985.44] 
 945.66 
(91.72) 
[887.15, 
1004.18] 
 874.55 
(83.29) 
[827.59, 
921.50] 
 898.66 
(78.77) 
[855.04, 
942.27] 
 882.26 
(159.38) 
[815.86, 
948.67] 
 898.85 
(157.67) 
[837.17, 
960.53] 
% 
Acc. 
93.29 
(8.47) 
[89.37, 
97.20] 
 93.05 
(8.69) 
[89.23, 
96.88] 
 94.58 
(5.91) 
[89.33, 
99.83] 
 90.42 
(6.82) 
[85.28, 
95.55] 
 95.14 
(5.00) 
[91.22, 
99.05] 
 92.13 
(6.21) 
[88.30, 
95.96] 
 88.89 
(13.82) 
[83.36, 
94.42] 
 89.35 
(11.05) 
[83.94, 
94.76] 
     Long SOA (750 ms)     
 Related  Unrelated  Related  Unrelated  Related  Unrelated  Related  Unrelated 
RT 
(ms) 
1352.30 
(63.10) 
[1309.73, 
1394.87] 
 1349.37 
(63.58) 
[1303.05, 
1395.70] 
 1437.13 
(79.51) 
[1380.02, 
1494.24] 
 1434.39 
(81.08) 
[1372.24, 
1496.54] 
 1352.52 
(68.34) 
[1309.95, 
1395.09] 
 1378.35 
(98.39) 
[1332.02, 
1424.67] 
 1383.94 
(161.54) 
[1323.74, 
1444.14] 
 1395.40 
(156.64) 
[1329.89, 
1460.91] 
% 
Acc. 
95.83 
(4.04) 
[92.06, 
99.61] 
 95.13 
(4.79) 
[90.26, 
98.63] 
 95.83 
(3.93) 
[90.77, 
100.90] 
 90.42 
(8.80) 
[84.80, 
96.04] 
 95.14 
(4.79) 
[91.37, 
98.91] 
 90.74 
(6.64) 
[86.55, 
94.93] 
 85.65 
(17.44) 
[80.31, 
90.98] 
 87.04 
(16.33) 
[81.11, 
92.96] 
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Figure 7.7. Standardised participant group means (z-scores) for reaction time (RT) data for related and unrelated conditions at both the short (250ms) and 
long (550ms) SOA. Healthy control data represents the zero point. Error bars represent standard error of the mean and are colour coded to enhance visibility.   
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Figure 7.8. Standardised participant group means (z-scores) for the accuracy data for related and unrelated conditions at both the short (250ms) and long 
(550ms) SOA. Healthy control data represents the zero point. Error bars represent standard error of the mean and are colour coded to enhance visibility.  
-3.5
-3
-2.5
-2
-1.5
-1
-0.5
0
0.5
1
z-
S
co
re
Related  
(Short SOA) 
Unrelated  
(Short SOA) 
Related  
(Long SOA) 
Unrelated  
(Long SOA) 
Healthy control 
-4.5
-4
-3.5
-3
-2.5
-2
-1.5
-1
-0.5
0
0.5
1
z-
S
c
o
r
e
healthy contr l traumatic brain injury without psychosis (TBIWP) schizophrenia psychosis following TBI (PFTBI)Tr umatic brain injury without psychosis (TBIWP) 
-4.5
-4
-3.5
-3
-2.5
-2
-1.5
-1
-0.5
0
0.5
1
z-
S
c
o
r
e
healthy control traumatic brai  injury  chosis (TBIWP) schizophrenia psychosis following TBI (PFTBI)Schizophrenia 
-4.5
-4
-3.5
-3
-2.5
-2
-1.5
-1
-0.5
0
0.5
1
z-
S
co
re
h althy control trau atic bra  i j it  I ) schizophr psych is following TBI (PFTBI)Psycho is f llowing I) 
-4.5
-4
-3.5
-3
-2.5
-2
-1.5
-1
-0.5
0
0.5
1
z-
S
co
re
he lthy con rol tra matic brain injury without psychosis (TBIWP) sc izophrenia p hosi l wing TBI (PF I)
 231 
followed by schizophrenia, TBIWP, and finally, PFTBI patients. Accuracy to the unrelated 
conditions also showed a greater variation in group means, especially at the long SOA (see 
Figure 7.8 for this illustration in standardised scores). Interestingly, the PFTBI cohort illustrated 
accuracy hypopriming at both SOAs, not demonstrated by any of the three comparison groups. 
No main effect for participant group was illustrated in the accuracy data (p= .09), nor 
was there a main effect for SOA (p = .79).  However, greater response accuracy was shown to 
words in the semantically related condition (M = 93.04, SD =7.47) relative to the unrelated 
condition (M = 90.95, SD= 7.38); main effect for word pair relationship, F (1, 51) = 10.34, p = 
.01, partial η² = .17 (a medium to large effect size; Levine & Hullett, 2002).   
A participant group x word pair interaction was also illustrated that acknowledges the 
accuracy hypopriming shown by the PFTBI group, F (3, 51) = 3.65, p = .019, partial η² = .18. 
That is, all three comparison groups showed greater accuracy to semantically related word pairs 
relative to unrelated word pairs, whereas the PFTBI group showed the opposite pattern. The 
effect is considered medium to large in size (Levine & Hullett, 2002) and is illustrated in Figure 
7.9. However, once the reduced alpha level (p <.01) was applied to account for the potential 
inequality of variance-covariance matrices, this interaction was no longer significant. 
 
 
 
Figure 7.9. Participant group x word (pair) relationship interaction. Error bars represent standard error of 
the mean and are colour coded to enhance visibility. Note that the y-axis spans ~80- 100% accuracy for 
illustration of the interaction,and group differences in percentage accuracy are therefore overemphasised.  
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7.5.5.2 Derived priming (RTs and accuracy). 
RT and accuracy derived priming means and standard error scores across the four groups 
are presented in Figures 7.10 and 7.11 respectively. At the short SOA, the greatest degree of RT 
priming was shown by the schizophrenia group, followed by the TBIWP, PFTBI, and healthy 
groups respectively. Accuracy priming was the greatest for TBIWP patients, followed by 
schizophrenia, PFTBI, and healthy groups respectively. Again, as noted, the PFTBI group 
illustrated hypopriming in this condition. 
At the long SOA, derived RT priming was again the greatest for schizophrenia patients, 
followed by PFTBI, TBIWP, and healthy cohorts respectively. Hypopriming was demonstrated 
here by the healthy and TBIWP groups as previously noted. Accuracy priming at the long SOA 
followed the same pattern as at the short SOA; the greatest priming shown by TBIWP patients, 
followed by schizophrenia, PFTBI, and healthy groups respectively, with hypopriming 
demonstrated by the PFTBI cohort alone in this condition. 
Despite the variable patterns of derived priming across groups, multivariate analysis of 
variance (MANOVA) indicated that no significant participant group differences were 
demonstrated by derived priming scores; Wilks’s Λ = .77, F (12, 127.29) = 1.12, p = .35, partial 
η² = .09. Significance values for the tests of between-subjects effects were as follows: Short 
SOA; RT priming, p = .92, and accuracy priming, p = .20. Long SOA; RT priming, p = .61, and 
accuracy priming, p = .07. 
7.5.6 Probabilistic reasoning. 
7.5.6.1 Participant group comparisons.  
Group means and standard deviations for the probabilistic reasoning task are shown in 
Table 7.17. The descriptive trends are discussed first, followed by the outcome of group 
comparisons.  
7.5.6.1.1 Initial prediction. 
For the first condition (i.e., ratio 85:15) the TBIWP group were best at estimating the 
probability that a pink bead would be drawn at random (i.e., 85% likelihood), followed by the 
healthy cohort (although the standard deviation for the healthy group indicated moderate 
variability in their individual responses on this task).  The schizophrenia and PFTBI patients 
tended to underestimate the likelihood of a pink bead, with the largest mean underestimation 
illustrated by the PFTBI group. Substantial variability was also shown by both psychotic cohorts 
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Figure 7.10. Mean reaction time priming across the four participant groups at both short and long stimulus onset asynchrony (SOA) conditions. Error bars 
represent standard error of the mean.  
a
Negative values indicate hypopriming (i.e., decrease in reaction times to semantically unrelated relative to related 
stimulus pairs). Note. n = 18, 18, 10, and 9 for healthy control, schizophrenia, TBIWP, and PFTBI groups respectively.  
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Figure 7.11. Mean accuracy priming across the four participant groups at both short and long stimulus onset asynchrony (SOA) conditions. Error bars 
represent standard error of the mean.  
a
Negative values indicate hypopriming (i.e., decrease in percentage accuracy to semantically related relative to 
unrelated stimulus pairs). Note. n = 18, 18, 10, and 9 for healthy control, schizophrenia, TBIWP, and PFTBI groups respectively. 
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on this index,with the PFTBI cohort also most variable in their estimates. However, in the 
more difficult condition where the ratio is 60:40, there was much less variability across all 
groups and closer estimations between groups. Nonetheless, the PFTBI group still showed the 
poorest estimation and the largest variability, followed by the healthy cohort, with the 
TBIWP and schizophrenia groups performing quite well and similarly.   
 
Table 7.17 
Descriptive Statistics for the Probabilistic Reasoning Task 
 Mean (Standard Deviation) 
Measure 
HC 
(n = 23) 
TBIWP 
(n = 10) 
SCZ 
(n = 23) 
PFTBI 
(n = 10) 
Prediction (C1) 81.96 (14.60) 85.50 (1.58) 79.35 (19.56) 77.00 (21.88) 
Prediction (C2) 58.26 (5.76) 59.00 (3.16) 59.13 (4.17) 57.60 (7.29) 
Draws-to-Decision (C1) 4.78 (2.19) 5.10 (2.77) 7.39 (6.29) 6.70 (5.38) 
Draws-to-Decision (C2) 17.22 (5.44) 18.40 (2.55) 15.35 (6.98) 16.5 (5.34) 
Decision Confidence (C1) 89.43 (5.44) 90.50 (4.97) 89.26 (5.86) 91.00 (6.58) 
Decision Confidence (C2) 74.13 (13.03) 79.50 (13.22) 75.22 (17.68) 80.50 (17.55) 
Note. C1= Condition 1 (ratio 85.15); C2 = Condition 2 (ratio 60:40).  
 
7.5.6.1.2 Draws-to-decision. 
In the first condition (i.e., ratio 85:15) healthy controls were fastest to make a 
decision. This was followed by the TBIWP, PFTBI, and finally the schizophrenia patients 
who were most conservative, making a decision, on average, at the seventh or eighth trial. 
Note, however, that there was some moderate variability from both psychotic cohorts. Yet, in 
the more difficult condition (i.e., ratio 60:40) patients with schizophrenia tended to make the 
earliest decision, followed by the PFTBI, healthy, and TBIWP groups (albeit, again, some 
moderate variability was shown from both psychotic groups, as well as the healthy group in 
this condition). 
7.5.6.1.3 Percentage confidence.  
Finally, self-estimated confidence followed the same pattern over both conditions; the 
PFTBI patients were most confident, followed by TBIWP patients, and then by schizophrenia 
and healthy cohorts who were quite similar in their degree of certainty for both conditions. 
However, self-estimated confidence was quite variable in the second and more difficult 
condition for all groups (see Figure 7.12 for an illustration of these patterns). 
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Figure 7.12. Standardised participant group means (z-scores) for probabilistic reasoning (bead-colour prediction, draws-to-decision, and degree of certainty 
upon decision) in Condition 1 (C1; ratio 85:15) and Condition 2 (C2; ratio 60:40). Healthy control data represents the zero point. Error bars represent standard 
error of the mean and are colour coded to enhance visibility.  
-1
-0.5
0
0.5
1
1.5
2
z-
S
co
re
Healthy control 
-4.5
-4
-3.5
-3
-2.5
-2
-1.5
-1
-0.5
0
0.5
1
z-
S
c
o
r
e
healthy control traumatic brain injury without psychosis (TBIWP) schizophrenia psychosis following TBI (PFTBI)Traumatic brain injury without psychosis (TBIWP) 
-4.5
-4
-3.5
-3
-2.5
-2
-1.5
-1
-0.5
0
0.5
1
z-
S
c
o
r
e
healthy control traumatic brai  inj r  is ( I P) schizophrenia psychosis following TBI (PFTBI)Schizophrenia 
-4.5
-4
-3.5
-3
-2.5
-2
-1.5
-1
-0.5
0
0.5
1
z-
S
co
re
healthy control trau atic bra  i ju y it os  TBIW ) schizophr psych is following TBI (PFTBI)Psychosis f llowing I ( I) 
-4.5
-4
-3.5
-3
-2.5
-2
-1.5
-1
-0.5
0
0.5
1
z-
S
co
re
he lthy con rol traumatic brain injury without psychosis (TBIWP) sc izophrenia p hosi l wing TBI (PF I)
Prediction (C1) Prediction (C2) Decision  
Trial No. (C1) 
Decision 
 Trial No. (C2) 
Decision  
Certainty (C1) 
 
Decision  
Certainty (C2) 
 237 
 
 
 
Table 7.18 
Multiple Group Comparisons for the Prediction Data (Probabilistic Reasoning) Conditions One and Two; Significance of T-tests, Effect Size and 95% 
Confidence Intervals  
 HC & TBIWP 
(df=31) 
 HC & SCZ 
(df=44) 
 HC & PFTBI 
(df=31) 
 SCZ & TBIWP 
(df=31) 
 SCZ & PFTBI 
(df=31) 
 TBIWP & PFTBI 
(df=18) 
 C1 C2  C1 C2  C1 C2  C1 C2  C1 C2*  C1* C2 
t
 a
 -.76 -.38  .51 -.59  .77 .28  -.98 .09  .31 .62  1.23 .56 
p .45 .71  .61 .56  .45 .78  .33 .93  .76 .55  .25 .58 
d
 b
 -0.13 -0.07  0.08 -0.09  0.13 0.05  -0.17 0.02  0.05 0.12  0.28 0.13 
95% CI  
-13.07 
5.98 
-9.92 
2.83 
 -7.65 
12.86 
-3.86 
2.12 
 -8.20 
18.12 
-4.16 
5.49 
 -18.90 
6.59 
-2.89 
3.15 
 -13.30 
17.99 
-3.86 
6.92 
 -7.17 
24.17 
-3.88 
6.68 
Note. C1= ratio 85.15; C2 = ratio 60:40. 
a 
Independent Samples t-test Statistic. 
b Cohen’s d effect size. 
*Equal variances not assumed. 
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7.5.6.1.4 Group-wise comparisons.  
Table 7.18 presents the group comparison data for the initial predictions, including 
significance of the t-tests, effect size, and 95% confidence intervals. Despite the aforementioned 
trends, no significant differences were demonstrated from the independent samples t-tests (i.e., 
initial prediction data, Table 7.18), nor were any main effects demonstrated for cohort 
membership on the repeated measures analysis (i.e., draws-to-decision and self-rated confidence, 
p = .23). The repeated measures ANOVA revealed a main effect for “index”, where draws-to-
decision (choices from 1-20, M = 11.33, SD = 7.43) were consistently smaller in value than the 
self–rated percentage confidence associated with a participants’ decision (M = 83.03%, SD = 
13.37); F (1, 62) = 2,446.86, p <. 001, partial η² = .98. A ratio x “index” interaction was also 
shown where participants made a decision earlier (M = 6.03, SD = 4.63) and were more sure of 
their judgement (M = 89.77%, SD = 5.61) for the first trial (i.e., 85:15), relative to the more 
difficult second trial (i.e., 60:40) where they decided later (M = 16.64, SD = 5.71) and were less 
sure of their decision (M = 76.29, SD= 15.38); F (1, 62) = 89.79, p <. 001, partial η² = .59.  Both 
the main effect and interaction effect demonstrated by this data have large effect sizes associated 
with them (Levine & Hullett, 2002). 
7.5.6.1.5 JTC behaviour.  
The JTC behaviour of each participant group is contained in Table 7.19 along with the 
inferential statistics for the group comparisons. Patients with schizophrenia showed the greatest 
amount of JTC behaviour across both conditions. For condition one (i.e., 85:15) this was 
followed by healthy, PFTBI, and finally TBIWP cohorts. However, for condition two (i.e., 
60:40) no other cohort showed JTC behaviour. Nonetheless, statistical group comparisons 
determined that JTC behaviour was not significantly different across the cohorts for either 
condition (see Table 7.19). 
 
Table 7.19 
Group Comparisons on JTC Behaviour 
Condition 
HC 
(n = 23) 
TBIWP 
(n = 10) 
SCZ 
(n = 23) 
PFTBI 
(n = 10) 
Chi-Square 
Statistic 
p 
Effect Size 
(Cramer’s V) 
Ratio 85:15 (C1) 21.74% 10% 26.09% 20% χ²(3, N=66)=1.09 .78 .13 
Ratio 60:40 (C2) 0% 0% 4.35% 0% χ²(3, N=66)=1.90 .59 .17 
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7.5.6.2 Presence/absence of delusions. 
Group means and standard deviations for the probabilistic reasoning data according to 
the presence/absence of delusions are contained in Table 7.20.  
7.5.6.2.1 Initial prediction.  
Descriptive statistics indicated a tendency for patients with delusions to underestimate 
the likelihood of a pink bead being drawn on the first trial (i.e., condition one; ratio 85:15), 
whereas predictions were almost matched exactly for condition two (i.e., ratio 60:40). However, 
there was quite large variability in the responses for both conditions, especially from the patients 
with delusions.  
7.5.6.2.2 Draws-to-decision.  
For the first condition (i.e., ratio 85:15), patients with delusions tended to be more 
conservative in their “draws-to-decision” relative to the group without delusions. However, 
deluded patients tended to decide sooner during the second, and more difficult, condition (i.e., 
ratio 60:40).  
7.5.6.2.3 Percentage confidence.  
Self-rated confidence for both conditions was comparable across deluded and non-
deluded groups. However, quite a large variability in confidence was shown for the second 
condition, especially from patients with delusions. These descriptive trends are illustrated in 
Figure 7.13. 
 
Table 7.20 
Descriptive Statistics for the Probabilistic Reasoning Task According to the  
Presence of Delusions 
 Mean (Standard Deviation) 
Measure Delusions (n = 31) No Delusions (n = 25) 
Prediction (C1) 78.23 (20.56) 82.20 (14.00) 
Prediction (C2) 58.58 (5.40) 58.40 (5.54) 
Decision Trial No. (C1) 7.16 (6.13) 5.00 (2.27) 
Decision Trial No. (C2) 15.42 (6.58) 17.44 (5.27) 
Decision Confidence (C1) 89.81 (6.12) 89.44 (5.37) 
Decision Confidence (C2) 76.13 (17.88) 75.20 (13.03) 
Note. C1= ratio 85.15; C2 = ratio 60:40.  
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Figure 7.13. Standardised group means (z-scores) according to scores on the Positive and Negative Syndrome Scale (PANSS; Kay et al., 1987) for probabilistic 
reasoning (bead-colour prediction, draws-to-decision, and degree of certainty upon decision) in Condition 1 (C1; ratio 85:15) and Condition 2 (C2; ratio 60:40). 
Data from non-deluded participants represents the zero point. Error bars represent standard error of the mean and are colour coded to enhance visibility.
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7.5.6.2.4 JTC behaviour.  
Descriptive and inferential statistics for the JTC analysis are contained in Table 7.21. 
Patients with delusions demonstrated the greatest amount of JTC behaviour across both 
conditions, however, the mean difference between the groups was small.  
 
Table 7.21 
JTC Behaviour According to the Presence of Delusions on the PANSS 
Condition 
Delusions  
(n = 31) 
No Delusions  
(n = 25) 
Chi-Square Statistic p 
 Effect Size 
(Cramer’s V) 
Ratio 85:15 (C1) 25.81% 20% χ²(1, N=56)=.26 .61 .07 
Ratio 60:40 (C2) 3.23% 0% χ²(1, N=56)=.82 .37 .12 
 
 
The independent samples t-tests (i.e., initial prediction data) indicated that there were no 
significant differences in the prediction data according to the presence/absence of delusions: 
Condition one, t (54) = .82, p = .41, d = 0.22; Condition two, t (54) = -.12, p = .90, d = -.03.  
Moreover, no main effect was illustrated according to the presence/absence of delusions on the 
repeated measures analysis, F (1, 54) = .14, p = .71, partial η² = .003, nor were any group-based 
interaction effects found, p =.35-.85.  Similarly, there was no statistically significant difference 
in JTC behaviour between patients with delusions versus those without.  
7.5.7 The Stroop task. 
The Stroop task descriptive and inferential data is presented in Table 7.22. The group 
means for all Stroop trials and derived scores adhered to the same pattern. That is, patients with 
PFTBI showed the poorest performance, followed by schizophrenia, TBIWP, and finally the 
healthy group who showed superior performance across all trials (see Figure 7.14).  
Group-wise analyses confirmed that the PFTBI patients were the poorest performers. For 
the colour, word, inhibition, and derived inhibition data, this was followed by schizophrenia, and 
then the healthy cohort, with TBIWP patients showing matched performance with both the 
schizophrenia and healthy groups.  However, for the switching trial and the derived 
interference/switching score, all three comparison groups (i.e., healthy, TBIWP, and 
schizophrenia) showed equally superior performance relative to PFTBI patients. These effects 
were all quite large in size, ranging from .26-.38 (Levine & Hullett, 2002, see Table 7.22). 
Total errors on the Stroop colour, and word, trials were assessed for group-wise 
differences, to investigate evidence for a speed-accuracy trade-off in the measurement of  
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Table 7.22 
Group Comparisons on the Stroop 
 Mean (Standard Deviation) [95% confidence intervals]     
Measure 
HC 
(n = 23) 
TBIWP 
(n = 10) 
SCZ 
(n = 22) 
PFTBI 
(n = 10) 
F
a
 
(df = 3,61) 
p Effect Size 
(partial η²) 
Post Hoc 
SNK/Dunnetts C
c
 
Stroop Colour 
25.52 (4.95) 
[21.03, 30.01] 
28.10 (5.02) 
[21.29, 34.91] 
34.45 (9.44) 
[29.86, 39.05] 
48.10 (22.22) 
[41.29, 54.91] 
8.99
b
 <.001 .37 
HC=TBIWP<TBIWP
=SCZ<PFTBI
c
 
Stroop-Word 
18.48 (4.03) 
[16.16, 20.80] 
21.40 (2.41) 
[17.88, 24.92] 
23.32 (4.92) 
[20.95, 25.69] 
30.60 (10.37) 
[27.08, 34.12] 
11.54 <.001 .36 
HC=TBIWP<TBIWP
=SCZ<PFTBI 
Stroop-Inhibition 
44.83 (10.35) 
[31.72, 57.93] 
53.10 (21.23) 
[33.22, 72.98] 
69.18 (26.32) 
[55.78, 82.58] 
109.30 (66.09) 
[89.42, 129.18] 
10.20
b
 <.001 .38 
HC=TBIWP<TBIWP
=SCZ<PFTBI
c
 
Stroop-Switching 
54.65 (14.32) 
[41.68, 67.63] 
67.40 (24.15) 
[47.72, 87.08] 
72.59 (21.43) 
[59.32, 85.86] 
112.30 (66.40) 
[92.62, 131.98] 
8.51 <.001 .30 
HC=TBIWP=SCZ 
<PFTBI 
Stroop-Interference 
(derived) 
34.16 (9.05) 
[22.22, 46.11] 
40.99 (20.27) 
[22.88, 59.10] 
55.35 (23.69) 
[43.14, 67.56] 
90.94 (60.33) 
[72.83, 109.05] 
10.21
b
 <.001 .36 
HC=TBIWP<TBIWP
=SCZ<PFTBI
c
 
Stroop-Switching/ 
Interference (derived) 
43.99 (12.95) 
[32.12, 55.86] 
55.29 (24.06) 
[37.28, 73.29] 
58.76 (19.37) 
[46.62, 70.89] 
93.94 (60.24) 
[75.94, 111.95] 
7.26 <.001 .26 
HC=TBIWP=SCZ 
<PFTBI 
a
Analysis of Variance (ANOVA). 
b Welsh’s F statistic. 
c
Dunnetts C post hoc test to account for unequal error variance. 
  
 243 
 
Figure 7.14. Standardised participant group means (z-scores) for the Stroop trials (colour, word, inhibition, and switching) and derived interference and switching-
interference scores. Healthy control data represents the zero point. Error bars represent standard error of the mean and are colour coded to enhance visibility 
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processing speed taken from these trials. Errors on both trials were the greatest from the PFTBI 
patients. This was followed by schizophrenia, healthy, and TBIWP patients on the Stroop colour 
trial, and TBIWP, schizophrenia, and healthy controls on the Stroop word trial. Errors rates were 
not significantly greater from any of the cohorts. These data are contained in Table 7.23.  
 
Table 7.23 
Group Comparisons on Stroop Errors (Trials One and Two) 
 
HC 
(n = 23) 
TBIWP 
(n = 10) 
SCZ 
(n = 22) 
PFTBI 
(n = 10) 
Kruskal-Wallis H p 
Effect 
Size* 
Stroop 
Colours 
0.43 (0.79) 
[0.09, 0.78] 
0.30 (0.48) 
[-0.05, 0.65] 
0.59 (0.96) 
 [0.17, 1.02] 
1.30 (1.34) 
[0.34, 2.26] 
χ²(3, N=65)=6.04 .11 .09 
Stroop 
Words 
0.09 (0.29) 
[-0.38, 0.21] 
0.40 (0.70) 
[-0.10, 0.90] 
0.27 (0.55) 
[0.03, 0.52] 
0.50 (0.97) 
[-0.20, 1.95] 
χ²(3, N=65)=3.40 .33 .05 
*
 Chi-square statistic divided by N-1. 
 
7.5.8 The Trail Making Test (TMT). 
Table 7.24 presents the descriptive and inferential statistics for the TMT data. Group 
means for both the TMT trials and the derived difference score illustrated a similar pattern; the 
poorest performance from PFTBI patients, followed by schizophrenia, TBIWP, and the healthy 
cohort who showed the best performance (Figure 7.15).  Means for the derived ratio score were 
much closer together, and although the PFTBI group still illustrated the furthest deviation from 
healthy performance, the F-test was not significant (i.e., no significant differences were shown 
between groups for the derived ratio score, see Table 7.24). It is noted, however, that the PFTBI 
ratio score is almost at the cut-off of 3 (i.e., 2.99), suggested by Arbuthnott and Frank (2000) as 
indicative of substantial set-switching dysfunction.   
Group-wise comparisons confirmed that all three control groups performed equally better 
than PFTBI patients on the TMT Form B, and according to the derived difference score, and 
these effects were considered quite large (i.e., .25, and .20 respectively, Levine and Hullett, 
2002).  However, on Form A, SNK tests showed that PFTBI patients illustrated significantly 
reduced performance relative to the healthy cohort alone, while the TBIWP and schizophrenia 
patient performance was statistically comparable to all other cohorts.  Similarly, this effect was 
considered to be of a medium to large size (Levine & Hullett, 2002, see Table 7.24). 
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Table 7.24 
Group Comparisons on the Trail Making Task 
 Mean (Standard Deviation) [95% confidence intervals]     
Measure 
HC 
(n = 23) 
TBIWP 
(n = 10) 
SCZ 
(n = 23) 
PFTBI 
(n = 10) 
F
a
 
(df = 3,62) 
p Effect Size 
(partial η²) 
Post Hoc 
SNK 
TMT 
Form A 
27.17 (10.65) 
[14.74, 39.61] 
28.90 (7.62) 
[10.04, 47.76] 
42.91 (27.28) 
[30.48, 55.35] 
62.30 (63.06) 
[43.44, 81.16] 
4.22 .009 .17 HC< PFTBI
b
 
TMT 
Form B 
57.30 (24.19) 
[17.78, 96.83] 
65.40 (19.85) 
[5.46, 125.34] 
110.61 (122.30) 
[71.09, 150.13] 
163.30 (153.47) 
[103.36, 223.24] 
6.93 <.001 .25 
HC=TBIWP=SCZ 
< PFTBI 
TMT 
Difference 
Score (derived) 
30.13 (18.78) 
[0.75, 59.51] 
36.50 (20.34) 
[-8.06, 81.06] 
67.70 (97.09) 
[38.31, 97.08] 
101.00 (99.60) 
[56.44, 145.56] 
5.17 .003 .20 
HC=TBIWP=SCZ 
< PFTBI 
TMT Ratio 
Score (derived) 
2.20 (.60) 
[1.87, 2.52] 
2.37 (.83) 
[1.88, 2.87] 
2.31 (.79) 
[1.98, 2.64] 
2.99 (1.06) 
[2.50, 3.49] 
1.66 .19 .07 NS 
a
Analysis of Variance (ANOVA). 
b 
In spite of the close raw scores shown between healthy controls and TBIWP, and the intermediate score shown in schizophrenia, only the healthy control  
cohort illustrated statistically significant differences relative to PFTBI patients when analyses were run using the transformed means and standard deviations. 
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Figure 7.15. Standardised participant group means (z-scores) for the Trail Making Test; Trials A and B, as well as total time difference between trials and derived 
trial ratio score. Healthy control data represents the zero point. Error bars represent standard error of the mean and are colour coded to enhance visibility. 
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7.5.9 Intelligence quotient (premorbid and current). 
Descriptive and inferential statistics for NART (premorbid) and WASI (current) IQ 
are contained in Table 7.25, and a visual plot of the standardised data is presented in Figure 
7.16. Mean scores on the NART were relatively similar for all groups, with the healthy cohort 
illustrating the highest score, followed by schizophrenia and PFTBI patients who were almost 
identical (i.e., M =102.69 and M = 102.47 respectively), and TBIWP patients who 
demonstrated the lowest score.  As discussed in Chapter 6.7: General Demographics, all four 
cohorts were classified as having a premorbid IQ score in the average range as defined by the 
NART. 
Scores on the WASI (full scale equivalent and subscales) showed greater variability. 
The WASI full scale IQ and Matrix Reasoning subscale illustrated the same pattern across 
groups; that is, the largest score was shown by the healthy group, followed by TBIWP, 
schizophrenia, and PFTBI patients respectively. However, the Vocabulary subscale showed a 
pattern that reflected NART performance from the TBIWP patients. Healthy participants 
showed the highest score once again, followed by the schizophrenia, TBIWP, and PFTBI 
patient groups respectively. The breakdown of these scores according to WASI classifications 
was detailed in Chapter 6.7 General Demographics. Healthy controls were the only group 
that showed consistency in classifications; that is, they generally performed within the 
“average” range on measures of both “premorbid” and current IQ. The TBIWP and 
schizophrenia patients were classified instead as “low average”, and PFTBI patients were 
classified in the category below, as “borderline”.  
As mentioned in Chapter Six (Section 6.7: General Demographics), mean scores on 
the NART were not statistically different across cohorts, indicating that they were matched 
on premorbid IQ. However, even with a conservative cut-off of p < .01, group means were 
statistically different on all three WASI scales (i.e., full scale IQ, Matrix Reasoning and 
Vocabulary, see Table 7.25). Post hoc SNK analysis revealed that on the WASI measurement 
of full scale IQ, as well as the Vocabulary subscale, PFTBI patients obtained the lowest 
score, followed by schizophrenia and TBIWP patients who were statistically comparable and 
healthy controls who obtained the highest score. On the Matrix Reasoning subscale, however, 
the psychosis cohorts (i.e., PFTBI and schizophrenia) performed similarly and statistically 
below the TBIWP and healthy cohorts, who were also statistically matched. These patterns 
are illustrated in the z-score plot in Figure 7.16. 
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Table 7.25 
Group Comparisons on Premorbid and Current IQ 
 Mean (Standard Deviation) [95% confidence intervals]     
Measure 
HC 
(n = 23)* 
TBIWP 
(n = 10) 
SCZ 
(n = 23) 
PFTBI 
(n = 10) 
F
a
 p 
Effect Size 
(partial η²) 
Post Hoc 
SNK 
NART IQ 
105.00 (7.04) 
[102.12, 107.88] 
100.40 (9.07) 
[96.04, 104.77] 
102.69 (6.48) 
[99.81, 105.57] 
102.47 (4.74) 
[98.10, 106.83] 
F(3, 62)=1.15 .34 .05 NS 
WASI IQ 
98.18 (11.20) 
[92.96, 103.41] 
87.00 (10.15) 
[79.25, 94.75] 
84.78 (11.96) 
[79.67, 89.89] 
72.20 (16.50) 
[60.45, 79.95] 
F(3, 61)=11.15 <.001 .35 
PFTBI<SCZ= 
TBIWP<HC 
Matrix 
Reasoning 
45.36 (7.31) 
[42.00, 48.73] 
44.30 (8.86) 
[39.31, 49.20] 
38.00 (7.60) 
[34.71, 41.29] 
33.90 (8.81) 
[28.91, 38.89] 
F(3, 61)=6.62 .001 .25 
PFTBI=SCZ< 
TBIWP=HC 
Vocabulary 
51.86 (9.08) 
[47.79, 55.94] 
38.80 (8.44) 
[32.76, 44.85] 
43.43 (9.47) 
[39.45, 47.42] 
30.90 (11.68) 
[24.86, 36.95] 
F(3, 61)=12.21 <.001 .38 
PFTBI<TBIWP 
=SCZ<HC 
a 
Analysis of Variance (ANOVA). 
* n = 22 (healthy control WASI IQ, and Matrix Reasoning and Vocabulary Subscales). 
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Figure 7.16. Standardised participant group means (z-scores) for measures of premorbid and current IQ. Full scale and subscale data are shown for current 
(WASI) IQ.  Healthy control data represents the zero point. Error bars represent standard error of the mean and are colour coded to enhance visibility.  
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7.5.10 Summary of group differences.  
Table 7.26 lists the measures where statistically significant differences were shown 
following group-wise comparisons performed in this chapter. Measures on which the PFTBI 
patients demonstrated isolated inferior performance are highlighted, and where this was not the 
case, equal inferior performance from one or both of the comparison patient groups is indicated. 
Significant group differences were shown to 30 of 52 individual cognitive neuropsychological 
measurements applied in this research. Of these 30, isolated inferior performance was shown by 
PFTBI patients 63.33% of the time. Equal inferior performance was shown by patients with 
psychosis (i.e., PFTBI and schizophrenia) on 13.33% of the remaining measurements, patients with 
TBI (i.e., PFTBI and TBIWP) on 3.57%, and by all patient comparisons relative to healthy 
performance on 21.43%.  
 
Table 7.26 
Summary of Measures Illustrating Significant Group-wise Differences and Inferior Performance in PFTBI 
Measures Illustrating  
Group Differences 
Isolated 
Inferior 
Performance 
in PFTBI 
Equal Inferior 
Performance in 
Psychosis 
(PFTBI and SCZ) 
Equal Inferior 
Performance in 
TBI (PFTBI and 
TBIWP) 
Equal Inferior 
Performance 
from all Patient 
Cohorts 
RBANS     
Immediate Memory Index 
 
   
Visuo-Spatial Index X    
Attention Index 
 
   
Delayed Memory Index 
 
   
RBANS Total  
 
   
List Learning Subscale X    
Story Memory Subscale X    
Figure Copy Subscale 
 
   
Line Orientation Subscale 
 
   
Digit Span Subscale X    
Coding Subscale X    
List Recall Subscale 
 
   
Story Recall Subscale X    
Figure Recall Subscale 
 
   
Verbal Fluency     
Phonological Fluency (a) X    
Phonological Fluency  X    
Phonological switches     
Semantic switches X    
Stroop     
Colour Trial 
 
   
Word Trial 
 
   
    (continued) 
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Table 7.26 
Summary of Measures Illustrating Significant Group-wise Differences and Inferior Performance in PFTBI 
(Continued) 
Measures Illustrating  
Group Differences 
Isolated 
Inferior 
Performance 
in PFTBI 
Equal Inferior 
Performance in 
Psychosis 
(PFTBI and SCZ) 
Equal Inferior 
Performance in 
TBI (PFTBI and 
TBIWP) 
Equal Inferior 
Performance 
from all Patient 
Cohorts 
Inhibition Trial 
 
   
Switching Trial 
 
   
Derived Interference Score 
 
   
Derived Switching/ 
Interference Score  
   
Trail Making Task (TMT)     
TMT Form A X    
TMT Form B  
   
TMT Difference Score   
   
WASI IQ     
WASI Full Scale IQ  
   
Matrix Reasoning Subscale X    
Vocabulary Subscale  
   
Total (carried over) 19 (63.33%) 4 (13.33%) 1 (3.57%) 6 (21.43%) 
 
7.6 Discussion 
A discussion pertaining to the results of group-wise comparisons detailed in this 
chapter follows. Findings are discussed according to the format of hypotheses (i.e., by 
cognitive neuropsychological domain, see Section 7.2: Hypotheses). Discussion is based 
primarily on the PFTBI patient data, except where hypotheses particular to another cohort 
were made. In general, PFTBI patients were expected to illustrate inferior performance on all 
measures relative to the three comparison cohorts, given their dual morbidity. As illustrated in 
Table 7.24 (in the previous results section), the PFTBI cohort illustrated the poorest 
performance 64.29% of the time on measures where group differences were shown. Where 
PFTBI patients did not demonstrate isolated inferior performance, they instead showed equal 
inferior performance with schizophrenia patients (10.71%), equal inferior performance with 
TBIWP patients (3.57%; one task), or equal inferior performance with both patient groups 
(21.43%).  Accordingly, on all measures where group differences were shown, the healthy 
cohort illustrated superior performance as hypothesised.  
7.6.1 Visual-perceptual organisation. 
All three patient groups were expected to illustrate reduced visual-perceptual abilities, 
including both visuo-spatial and Gestalt abilities, relative to the healthy cohort. 
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7.6.1.1 RBANS visuo-spatial index. 
Results from the RBANS Visuo-spatial index support hypothesised reductions in visuo-
spatial processing from the patient groups. Superior performance was shown by the healthy cohort, 
followed by TBIWP, schizophrenia, and PFTBI patients who demonstrated the poorest 
performance. An expected, and relatively pronounced, decline in visuo-spatial processing was 
further illustrated by the PFTBI cohort. This is an important finding given that the nature of visuo-
spatial processing in PFTBI is unclear from existing research (e.g., in Burg et al., 2000; Fujii & 
Ahmed, 2002; Fujii et al., 2004).  These data also reflect selected literature that has established 
visuo-spatial deficits in patients with both TBIWP and schizophrenia (e.g., Joshua & Rossell, 2009; 
McKenna et al., 2006; Parnas et al., 2001; Patel et al., 2011; Ponsford et al., 2011; Shum et al., 
2000; Silverstein et al., 2000).  
Although significant reductions in visuo-spatial performance were illustrated by all three 
patient groups, it is imperative to acknowledge that the mean scores on this index from all four 
cohorts fell within the “average” range according to RBANS norms (Randolph, 1998). This may 
help to explain existing PFTBI literature that has relied on norm comparisons, and subsequently, 
reported intact visuo-spatial processing; similarly, the deficit in PFTBI was only apparent here 
relative to the comparison cohorts. The distinction between PFTBI and injury-matched TBIWP 
performance is especially striking, and suggests that the psychosis in PFTBI may be exerting a 
greater influence over visuo-spatial processing deficits than the effects of the injury. As such, the 
assessment of PFTBI against RBANS standardised norms, as an isolated procedure in the 
determination of patient visual-spatial proficiency, is discouraged.  
With the above argument in mind, 30% of the PFTBI patient group demonstrated mean 
scores at two standard deviations below the RBANS normative scores. This finding reflects data 
from Fujii and Ahmed (2002) who reported that 41% of their case-reviewed PFTBI’s showed 
impaired visuo-spatial abilities relative to norm data. This represents a rare consistency in the 
literature, and may thereby offer a preliminary indication of the prevalence of visuo-spatial 
impairment in PFTBI. On the other hand, Fujii and Ahmed (2002) relied on case studies identified 
by literature search, and thus the comparison of various, and likely incompatible, measurements of 
visuo-spatial ability cannot be discounted.   
Patients from the schizophrenia cohort performed up to four standard deviations below the 
normative data (i.e., 26.11% at two SD‘s, 4.35% at three SD‘s, 4.35% at four SD‘s). Essentially the 
schizophrenia literature points to a perceptual organisation deficit that may be somewhat 
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heterogeneous in its degree (e.g., Passerieux et al., 1997; Schwartz-Place & Gilmore, 1980), and 
these findings support established heterogeneity further. A subset of the schizophrenia patient 
sample appeared to have more pronounced visuo-spatial deficits akin to those illustrated by the 
dual-diagnosis PFTBI group (i.e., as mentioned, one schizophrenia patient performed at 4 SD’s 
below the norm). At the other end of the spectrum, however, a subset of patients showed milder 
deficits akin to those illustrated by TBIWP patients. In fact, two schizophrenia patients performed 
at 2 SD’s above the norms on this index. This variation explains the intermediate but matched 
performance of the schizophrenia cohort with both superior TBIWP performance, and inferior 
PFTBI performance.  
Overall these data indicate that PFTBI patients do in fact illustrate reduced visuo-spatial 
abilities, the extent of which appears to be heterogeneous, a feature of psychosis generally. Given 
statistically indistinguishable performance from the psychotic cohorts, these findings suggest that 
the spectrum of psychosis may be broadly associated with visuo-spatial deficits. However, whether 
the reduction in visuo-spatial processing is considered an impairment in PFTBI¸ especially where 
performance is assessed on the RBANS index relative to RBANS norms, may only be accurately 
determined on a patient by patient basis with reference to alternate complementary assessments.   
7.6.1.2 Gabor Elements Contour Integration Task (GECIT). 
Hypothesised differences in Gestalt processing were not supported by these data; no 
significant group-wise differences were shown on the GECIT task. Nonetheless, a non-significant 
tendency was shown by the psychosis cohorts (i.e., PFTBI and schizophrenia patients) to solve 
approximately one less card than the healthy and TBIWP cohorts. 
The existing literature suggests that differences in task performance should be larger. For 
instance, poor Gestalt processing has been shown following even mild TBI (Rohling et al., 2011), 
and holistic/Gestalt processing is lateralised whereby patients with lesions in their right hemisphere 
demonstrate pronounced deficits in recalling and reproducing the global aspects of visual images 
(Delis et al., 1986; Robertson & Lamb, 1991). Injury to the right hemisphere was statistically 
matched across brain-injured cohorts in this research; 50% of TBIWP patients and 60% of PFTBI 
patients sustained a right hemisphere lesion, and 30% of TBIWP and 40% of PFTBI patients 
sustained a dual (i.e., both left and right) hemispheric injury. However, these figures indicate that 
an additional two PFTBI patients had sustained injury to their right hemisphere, and this may 
account for their observed trend in solving a mean of one less card than their injury counterparts.  
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This explanation does not, however, account for the same tendency demonstrated by patients with 
schizophrenia, suggesting once again that the presence of psychosis exerts the greater influence.  
The findings are also inconsistent with the large literature indicating disruptions to Gestalt 
processing in schizophrenia (Joshua & Rossell, 2009; Parnas et al., 2001; Rief, 1991; Schwartz-
Place & Gilmore, 1980; Silverstein et al., 2000). However, some authors have illustrated that 
deficits in schizophrenia are mediated by task difficulty, where patients are capable of employing 
global processing strategies when the salience of the Gestalt properties are strong (Landgraf et al., 
2011; Rief, 1991). Thus, one explanation for statistically comparable group performance may relate 
to the salience of the Gestalt properties on the GECIT cards.  The GECIT task was originally 
designed to assess perceptual grouping impairment in amblyopia (i.e., a vision deficiency such as 
blurriness, usually in one eye; Kovacs, Polat, & Norcia, 1996), and may therefore be less sensitive 
in schizophrenia. That is, the Gestalt properties may be too prominent on stimulus cards prior to the 
tenth card to adequately distinguish between healthy and compromised Gestalt processing in 
psychosis. However, Green et al. (2009) highlighted that at least six research projects have shown 
significant Gestalt processing impairment in schizophrenia using the GECIT task, with good test-
retest reliability and minimal practice effects (Silverstein et al., 2000).  
Studies have also reported that performance on the GECIT task appears to be influenced by 
the presence of disorganised symptoms, but not positive or negative symptoms (Silverstein, 
Kovacs, Corry, & Valone, 2000; Uhlhaas et al., 2005; Uhlhaas & Silverstein, 2005; Uhlhaas et al., 
2006). In fact, the attenuation of disorganised symptoms has been associated with significant 
improvement on the GECIT (Uhlhaas et al., 2005; Uhlhaas & Silverstein, 2005). This is the most 
likely explanation for the matched performance shown here. Uhlaas et al. (2006) identified 
disorganised schizophrenia according to a PANSS conceptual disorganisation score of more than 
three (i.e., above the ‘mild’ classification, where thinking is circumstantial, tangential or 
paralogical, and there is some difficulty in goal-directed thoughts and/or some loosening of 
associations). By comparison, both psychosis cohorts in this research had mean scores on the 
PANSS conceptual disorganisation item below three (i.e., schizophrenia, M = 2.87, SD = 1.74; 
PFTBI, M = 2.40, SD = 1.07), classifying them as non-disorganised types, in accordance with their 
relatively unimpaired GECIT performance. As such, these findings appear to support the state 
rather than trait account of perceptual Gestalt disorganisation. Given that GECIT performance was 
comparable across psychotic groups, and with consideration for the visuo-spatial results on the 
RBANS index, these data provide further preliminary evidence that visual-perceptual processing of 
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a visuo-spatial and Gestalt nature may be deficient as a characteristic of the psychosis spectrum 
generally, rather than uniquely impaired in PFTBI relative to schizophrenia. 
7.6.2 Language  
7.6.2.1 RBANS language index. 
Hypothesised impairments in language from the patient cohorts were not supported by data 
from the RBANS Language tasks. Instead, patient performance was matched with the healthy 
cohort on the overall Language Index score. The existing literature pertaining to all three patient 
groups suggests substantial language and communication deficits should be shown (DeLisi, 2001; 
Fujii & Ahmed, 2002; Fujii et al., 2004; Hinchliffe et al., 1998; LeBlanc et al., 2006; Levy et al., 
2010; Rossell et al., 2010; Rossell & David, 2006; Sachdev et al., 2001). There is some evidence in 
the brain injury literature to suggest that the extent of damage to the language system post injury is 
mediated by the relative stability of verbal skills prior to the injury (LeBlanc et al., 2006). Elevated 
premorbid language may thus serve to protect the language skill set post injury. However, although 
this may be true for some cases, it was not supported by premorbid IQ (a language-based task) and 
relative performance on the RBANS Language index from the TBIWP cohort in this study.   
Proficiency according to the RBANS Language index from all three patient cohorts was 
also contradictory to statistically impaired vocabulary, as indicated by their decreased performance 
on the WASI vocabulary subtest (discussed in Section 7.6.6). As such, failure to find group 
differences in RBANS Language may instead reflect the limited sensitivity of the relevant subtests, 
including; (i) inadequate task difficulty on the Picture Naming subtest, and (ii) inadequate power on 
the Semantic Fluency subtest. One hundred per cent of individuals from both the healthy and 
TBIWP cohorts performed at ceiling on the Picture Naming subtest, and the psychotic cohorts were 
not far behind: schizophrenia and PFTBI groups performed identically with only two patients 
below 100%; one at 80% (two errors) and one at 90% (one error).  Because ceiling performance 
reduces task validity in the measurement of the desired construct, language ability, as indicated by 
the Picture Naming subtest, is likely to be inaccurate.  Results from the Semantic Fluency subtest 
are discussed in more detail in the following section (i.e., verbal fluency).  Briefly, the semantic 
fluency data illustrated graded performance, with a downward trend from the psychotic cohorts in 
the hypothesised direction. This is complementary to the existing, and substantial, semantic 
processing literature in psychosis (Henry & Crawford, 2005; Kremen et al., 2003; Landro & 
Ueland, 2008; Rossell et al., 1999). However, all three patient cohorts also demonstrated 
considerable variability on this task and, as such, failure to detect significantly meaningful 
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differences may reflect insufficient power. Accordingly, matched performance across cohorts on 
the RBANS Language index in this study is considered indicative of the aforementioned 
methodological issues, rather than the intact and matched language ability of the four participant 
groups.  
7.6.2.2 Verbal fluency. 
Participants in both the healthy and TBIWP cohorts produced a greater mean number of 
semantic, relative to phonological, category words as expected. TBIWP patients were further 
expected to illustrate a general verbal fluency deficit by generating fewer words for both category 
types relative to the healthy cohort. This was true for the phonological fluency trials, although not 
statistically significant. However, mean semantic fluency was instead marginally increased from 
TBIWP patients (albeit, this amounted to a mean of less than one additional word).  Prior research 
has illustrated impairments in both phonemic and semantic fluency post injury (Baldo & 
Shimamura, 1998; Grossman, 1981; Jurado et al., 1997; Jurado et al., 2000; Kave et al., 2011; 
Martin et al., 1990). Reduced phonological fluency from the TBIWP cohort demonstrate a trend 
reflecting this literature, however, deficient networks of attention and speeded cognition (e.g., 
executive function) may not have been impaired enough to impede verbal  fluency in statistical 
analysis (Beauchamp et al., 2011; Madigan et al., 2000; Ponsford & Kinsella, 1992, Rios et al., 
2004). The same may not be shown to the semantically-driven task because demands on the 
cognitive load are not as substantial when retrieval is semantically driven. Brain regions may also 
be specialised for fluency types; frontal regions for phonological fluency and temporal regions for 
semantic fluency (Henry & Crawford, 2004; Mummery et al., 2000; Pujol et al., 1996). Analysis 
according to lesion location was not possible due to sample size, however, lesion location does not 
appear to be driving the fluency data; greater injuries were sustained to temporal versus frontal 
regions in TBIWP, which implicate semantic, rather than phonological, fluency deficits. 
Nonetheless, given that mean differences did not reach significance, comparable executive 
(indicated by phonological fluency) and semantic processes in injured and healthy cohorts are 
supported by these fluency data.  
It is worth noting that raw scores from the TBIWP cohort were below those of the 
schizophrenia cohort on all phonological fluency measures, with the opposite shown to the 
semantic fluency trial. TBIWP and schizophrenia patients have not been compared on verbal 
fluency to date, and this novel data demonstrates that executive processing deficits (e.g., attention, 
processing speed, effortful retrieval etc.) may be proportionately greater post injury, relative to 
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those associated with psychosis. The reverse shown for semantic fluency suggests that the semantic 
system appears to be more disorganised in schizophrenia, even with the higher likelihood of 
memory retrieval deficits in TBIWP
6
. However, in light of the substantial overlap from the cohorts 
on these fluency measures, this interpretation is preliminary.  
Impaired fluency from the schizophrenia cohort was illustrated descriptively for both 
fluency types, although the mean differences did not reach statistical significance. Reduced verbal 
fluency in schizophrenia is well established (Bozikas et al., 2005; Elvevag et al., 2001; Kremen et 
al., 2003; Landro & Ueland, 2008; Prescot et al., 2006;.Vinogradov et al., 2002), however deficits 
are especially prominent for patients with substantial negative symptoms (Bowie et al., 2004; 
Sumiyoshi et al., 2005). The absence of statistical differences here may thus be explained by the 
clinical symptom profile of this group, given that the PANSS data from the schizophrenia cohort 
indicated minimal negative pathology. On the other hand, the poorest fluency performance was 
illustrated by the PFTBI cohort who also demonstrated the least amount of negative pathology. 
Reduced fluency in PFTBI was shown to both tasks as hypothesised; they produced the 
smallest number of words relative to all comparison cohorts on all verbal fluency trials. However, 
differences only reached statistical significance in phonological fluency “a” and “total” trials. 
Furthermore, their performance was statistically comparable to TBIWP, and TBIWP/schizophrenia 
for the two trials respectively, essentially indicating that PFTBI patients share deficits with their 
single diagnosis counterparts. Accordingly, these findings support prior work from Burg et al. 
(2000) who showed matched PFTBI and psychosis fluency, but are inconsistent with Fujii et al. 
(2004) who reported performance indistinguishable from healthy participants. With regard to the 
descriptive patterns of performance, it is also noted that PFTBI fluency was more like TBIWP 
fluency on the phonological task, yet more like fluency in schizophrenia on the semantic task; 
PFTBI patients generated approximately two to three words below these cohorts in both examples. 
It is hypothesised that phonological fluency deficits in PFTBI, then, may stem primarily from the 
consequences of the traumatic brain injury (i.e., executive dysfunction), whereas semantic fluency 
deficits may instead stem from the effects of the existing psychosis. 
Neither psychotic cohort demonstrated disproportionally greater impairment to 
semantically-driven fluency as hypothesised. Instead, semantic fluency was significantly increased 
                                                          
6
 Memory deficits were not demonstrated by the TBIWP or schizophrenia patients on the RBANS Delayed Memory 
Scale beyond trend level. However, poor memory has been established in both cohorts by prior research (i.e., Broome 
et al., 2010; Lezak, 1979; Silver et al., 2001; Tate et al., 1991). 
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compared to phonological fluency from all cohorts. There is a large literature supporting relatively 
greater deficits in semantic fluency from patients with psychosis (e.g., Gouzoulis-Mayfrank et al., 
2003; Henry & Crawford, 2005; Kremen et al., 2003; Rossell et al., 2010; Rossell et al., 1999), 
however, this is not supported in all studies (e.g., Landro & Ueland, 2008). Further, Rossell et al. 
(1999) found disproportionate and reduced semantic fluency to be true for patients with delusions 
alone. According to the PANSS and SAPS rating scales, delusions were matched for the psychotic 
cohorts, and within the mild to moderate range. This rating generally refers to delusions that are not 
held with conviction, or interfere little with cognition and behaviour. By contrast, Rossell et al. 
(1999) investigated patients with delusions rated between mild to severe on the SAPS rating scale, 
indicating firmly held, complex, pervasive and/or bizarre delusions with a major effect on 
behaviour (although it is not clear how many of the patients fit this category).  Accordingly, 
reductions in the presence and degree of delusions in the PFTBI and schizophrenia patients in this 
research may underpin the apparently enhanced organisation of the semantic network suggested by 
these data.  
Another speculation is that this result may reflect the type of fluency task used in this 
research. Studies typically use animal category fluency, whereas the RBANS Semantic Fluency 
subtest requires participants to generate lists of fruits and vegetables. Following administration of 
the task many participants indicated that during the production of their list they had mentally 
walked through the supermarket fruit/vegetable isle, and/or mentally scanned the contents of their 
refrigerator. Although a cognitive technique of this nature can be applied to most category types 
used to measure semantic fluency (e.g., animals, body parts), it may not be as readily applicable to 
animal category fluency, from which the majority of findings have been drawn. Most individuals 
would be more familiar with their supermarket/refrigerator than their closest farm or zoo, allowing 
the former to be more easily visualised. It is possible that the RBANS subtest may thus be 
confounded by the propensity of an individual to employ a cognitive strategy of this kind during the 
task. On the other hand, the failure to find statistically significant group differences in semantic 
fluency may reflect a lack of statistical power in the current dataset. The RBANS fluency subtest 
has been used to demonstrate poor semantic fluency in schizophrenia in the past, despite 
comparable fluency means and group variability to the data acquired here (e.g., Gogos et al., 2010). 
However, Gogos et al. (2010) incorporated group sizes of thirty-eight and forty-three for their 
schizophrenia and healthy cohorts respectively. Thus, larger group sizes may be required to account 
statistically for within group variability in semantic fluency in psychosis. 
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7.6.2.3 Clustering and switching. 
Reductions in the number of clusters and switches (i.e., theoretically executive functions) 
produced during both fluency tasks were expected from TBIWP patients, however, the size of their 
clusters (i.e., theoretically a semantic ability) were predicted to match those from the healthy 
cohort. Instead, TBIWP performance was statistically matched to all three comparison cohorts 
across all clustering and switching measures. This is inconsistent with research indicating 
diminished cognitive switching (Kave et al., 2011; Stuss et al., 1998 Zakzanis et al., 2011) and 
clustering (Kave et al., 2011) post injury. However, intact clustering ability has also been reported 
by others for both fluency types (Raskin & Rearick, 1996; Zakzanis et al., 2011), as well as intact 
switching during semantic fluency (Zakzanis et al., 2011). Although TBIWP cluster sizes were 
comparable with the healthy cohort as expected, this is not considered evidence of intact semantic 
processing given the statistical comparability of all cohorts on this measure.  
The greatest impairments in clustering and switching post injury were shown by Kave et al. 
(2011) who assessed patients with moderate to severe TBI at a maximum of 24 months post-injury. 
Evidence exists to suggest that fluency impairment, at least to switching between clusters, is worse 
following more severe injury (e.g., Zakzanis et al., 2011). Cognition also tends to improve 
gradually from one to 24 months post injury, with the most accurate picture of lasting deficits 
becoming apparent after the two year mark (for example see Schretlen and Shapiro [2003]). Thus, 
the cohort assessed by Kave et al. (2011) would be expected to show exceptional deficiency given 
their injury demographics. By contrast, the sample assessed by Zakzanis et al. (2011) had milder 
injury (i.e., 50% mTBI), and a greater latency between their injury and assessment (M = 4.6 yrs 
post injury), and deficits were found to semantic switching alone. Inconsistencies in the literature 
may therefore stem from variations in injury demographics. The absence of statistical differences in 
the current study may be attributed to injury variables in the same way. Mild injury had been 
sustained by 40% of TBIWP patients, and the cohort was assessed at a mean of 9.8 years following 
their TBI.  As such, negligible impairment in mental clustering and switching might be expected 
from them as a group.  Strictly then, these findings indicate intact executive and semantic 
processing in this TBIWP cohort.   
Descriptively, however, TBIWP patients performed consistently below both healthy and 
schizophrenia cohorts, except for their total number of semantic switches where they outperformed 
patients with schizophrenia. As expected, this mirrors the descriptive trends previously discussed 
for verbal fluency, and is a further novel finding regarding the relative impairment of clustering and 
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switching capabilities in TBIWP and schizophrenia patients. However, bearing in mind that this 
discussion pertains to non-significant trends, and injury severity and injury latency appear to have 
substantial influence on these data, this pattern is once again considered preliminary. The influence 
of lesion location is also noted as a potential mediator of clustering and switching proficiency here 
(i.e., Troyer et al., 1997). As with the fluency data, analysis according to lesion location was not 
statistically possible. However, should lesion location have been influential, the higher incidence of 
temporal lobe lesions would primarily impair switching to semantic fluency, which was not the 
case. This was also true of hemispheric lesion location. While left temporal injury has been 
associated with the production of smaller clusters (Grossman 1981; Troyer et al., 1997), relatively 
reduced cluster sizes do not appear to be driven by left hemispheric injury in this cohort, given the 
predominance of right hemispheric injury. Moreover, the only case of left tempo-parietal injury 
(i.e., #T07) demonstrated medium to large cluster sizes relative to the rest of his cohort. 
Patients with psychosis were expected to show either a reduced number of clusters and 
switches across categories (i.e., executive processes, but also interpreted as semantic in the 
literature), or comparable clusters and switches with reduced mean words per cluster (i.e., semantic 
processes). This hypothesis was supported by mental switching on both fluency tasks from PFTBI 
patients; mental switches were statistically reduced relative to the healthy cohort alone for 
phonological fluency, and relative to both healthy and TBIWP cohorts for semantic fluency.  
However, patients with schizophrenia instead showed intermediate mental switching; their 
performance was statistically matched with both reduced switching in PFTBI, and increased 
switching from TBIWP and healthy participants. Neither hypothesis was supported with regard to 
clustering by the psychotic cohorts. Instead, they were statistically matched to the comparison 
groups on the number of clusters produced, and their size, for both tasks.  
This result is generally inconsistent with the existing literature in schizophrenia. Patients 
typically show a reduced number of total words, clusters, and switches (Henry & Crawford, 2005; 
Landro & Ueland, 2008; Troyer et al., 1997), and/or fewer words per cluster (Bozikas et al., 2005; 
Kosmidis et al., 2005; van Beilen et al., 2004). The former is considered evidence of impairments 
in both executive and semantic processes, where the cognitive strategies generally employed during 
clustering and switching are deficient, and the semantic store supporting the generation of clusters 
is also either disorganised, unable to be sufficiently accessed, or both (Henry & Crawford, 2005; 
Rossell & David, 2006). The latter argues that patients may utilise comparable cognitive strategies, 
but are deficient according to the disorganisation of their semantic store (Bozikas et al., 2005; 
Kosmidis et al., 2005; van Beilen et al., 2004). Thus, in keeping with the existing interpretations, 
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patients with schizophrenia in this research appear to have intact executive function and semantic 
organisation, access, and retrieval, with possible negligible executive impairment on the semantic 
task (i.e., as indicated by significantly reduced number of switches). However, as identified in the 
preceding discussions regarding the RBANS Language index and verbal fluency results, various 
other influences are suspected to have mediated these results; (i) insufficient statistical power, (ii) 
semantic fluency category-type, and (iii) minimal negative psychopathology. As such, this 
statistical outcome, and the following discussion on descriptive trends, is once again presented 
tentatively.  
The psychotic cohorts demonstrated a similar pattern of outcomes on clustering and 
switching measures, with both steadily producing scores below the healthy participants on all but 
their semantic cluster size. However, the actual differences are diminutive. The increase in semantic 
cluster size from the schizophrenia cohort, which is in opposition to the existing literature, is 
generated by less than one additional word.  Bearing in mind that both psychotic cohorts were 
marginally reduced on semantic fluency overall, and this difference did not reach statistical 
significance, this finding is not considered evidence of an enhanced proficiency for semantic 
clustering in schizophrenia. Furthermore, because these data reflected trends from the fluency 
analyses, in this instance, the analysis of clustering and switching is not considered to have 
provided additional insight into the subtle impairments underlying semantic deficiency, as has been 
considered elsewhere (Bozikas et al., 2005; Henry & Crawford, 2005; Landro & Ueland, 2008; 
Troyer, Moscovitch, & Winocur, 1997).  
Clustering analysis did, however, identify impairments in the primary cohort of interest. 
Novel evidence for a concise deficit in executive function was obtained from patients with PFTBI, 
who were unable to efficiently move to a new cluster subcategory once the present cluster was 
exhausted. Although results again mirror the verbal fluency data, in identifying this distinct aspect 
of executive dysfunction in PFTBI the utility of clustering and switching subcomponent analyses is 
demonstrated. Interestingly, PFTBI clustering behaviour was more like TBIWP patients during 
phonological fluency, yet more like patients with schizophrenia during semantic fluency, in support 
of existing executive/semantic impairment in the relevant patient groups (Henry & Crawford, 2005; 
Kave et al., 2011; Stuss et al., 1998). Lesion location is not considered influential here, given that 
the PFTBI cohort had a matched number of injuries involving the frontal and temporal lobes (N=4), 
and the majority of these occurred in the right hemisphere (N=10, versus N=4 injuries to the left 
hemisphere).  Finally, and most imperative, patients with PFTBI once again showed the poorest, or 
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equal poorest, performance on clustering and switching behaviour. While this was not illustrated 
statistically on all comparisons, these data represent important preliminary work. 
7.6.3 Memory. 
7.6.3.1 RBANS immediate and delayed memory indices. 
All groups showed poorer delayed memory relative to immediate memory on the RBANS 
as hypothesised. However, statistical significance was reached for all but the schizophrenia cohort, 
suggesting comparable immediate and delayed memory capacity in schizophrenia. Both immediate 
and delayed memory scores from the three patient groups were descriptively reduced relative to 
healthy scores as hypothesised. Yet, once again, only selected contrasts were statistically 
significant; TBIWP performed comparably to the healthy cohort on immediate memory, and 
TBIWP, schizophrenia, and healthy cohorts were matched on delayed memory performance. 
These data effectively suggest intact memory performance in the TBIWP patients. In fact, 
all TBIWP patients performed within one standard deviation of the RBANS norms. This is 
inconsistent with the literature documenting substantial deficits across degrees of injury severity 
(Ariza et al., 2006; Bennett-Levy, 1984; Carlesimo et al., 1998; Lezak, 1979; Owen et al., 1990; 
Perri et al., 2000; Tate et al., 1991; Vakil, 2005). However, these findings may be explained by 
locus of injury in this cohort. The RBANS immediate and delayed memory tasks use an assessment 
of verbal memory ability to gauge memory capacity. Lateralised functionality has been 
demonstrated previously in memory impairment post TBI, where focal left temporal lesions in 
particular have been associated with deficits in verbal memory (Ariza et al., 2006). Only two 
TBIWP patients sustained injuries in this region (#T02 and #T07), and, true to the literature, these 
patients demonstrated the lowest scores on the Delayed Memory index, and the equal lowest scores 
on the Immediate Memory index, respectively.  
 Reduced immediate memory was demonstrated in schizophrenia, while delayed memory 
performance was matched with the healthy and TBIWP cohorts.  Patients with schizophrenia also 
uniquely illustrated comparable immediate and delayed memory ability, driven by their selective 
immediate memory deficit. Memory impairment is generally considered a persistent and heritable 
neuropsychological trait in schizophrenia, irrespective of symptom profile (Bartholomeusz et al., 
2011; Broome et al., 2010; Cannon et al., 2005; Nieto & Castellanios, 2011; Pukrop et al., 2007). 
While scores showed some variability, this does not explain the lack of statistical differences on the 
Delayed Memory index, given that similar variability has been shown elsewhere on these indices 
where reliable group differences have been found (e.g., Gogos et al., 2010).  Once again, greater 
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participant numbers may be required to account for patient heterogeneity when using the RBANS 
for memory assessment. However, inconsistencies in the outcome of memory measurements across 
studies are not unusual, and are often considered to reflect the aforementioned heterogeneity of the 
disease (Kalkstein et al., 2010; Palmer et al., 2010). It is noted that reduced performance on the 
Delayed Memory index was shown by all cohorts. Thus, while descriptively reduced in 
schizophrenia, delayed memory may not be deficient enough to warrant statistically significant 
impairment, especially relative to other patient groups. Furthermore, there remains contention in the 
literature as to which aspects of memory are the most impaired in schizophrenia (Kalkstein et al., 
2010; Palmer et al., 2010). These data support a specialised deficit in immediate memory, and in 
doing so are aligned with research illustrating that deficits are especially prominent at the stage of 
information encoding (Dias et al., 2011; Zierhut et al., 2010).  
 Importantly, the PFTBI cohort showed significantly reduced performance across both 
memory tasks. The mean score of the group fell two standard deviations below the norms for 
immediate memory, and three standard deviations below the norms for delayed memory (although, 
individually, patients performed up to four standard deviations below norms on both indices, N = 
4). Even to the List Recognition subtest, where the majority of individuals from the comparison 
cohorts performed at ceiling, a number of PFTBI patients illustrated marked difficulty. This result 
supports the majority of prior studies emphasising memory impairments in PFTBI (e.g., Fujii & 
Ahmed, 2002; Fujii et al., 2004; Sachdev et al., 2001). Although, true to the established 
heterogeneity in psychosis, intact memory has also been noted (e.g., Bamrah & Johnson, 1991).  
Finally, recognition is considered less impaired than recall in schizophrenia (Beatty et al., 
1993; Kalkstein et al., 2010). This is because recognition is facilitated by memory cues, and is thus 
less demanding on memory processing. The ceiling performance demonstrated by all but the PFTBI 
cohort on the List Recognition subtest meant that recognition versus recall assessments could not be 
performed. Nonetheless, ceiling performance by the majority of participants on this task, not shown 
to the unaided List Recall subtest, is itself preliminary evidence of enhanced abilities in recognition. 
7.6.3.2  Semantic priming. 
The semantic priming results did not reflect hypothesises; no significant group-wise 
differences were shown to any of the priming data. Moreover, the descriptive response patterns 
demonstrated by all four cohorts did not conform to hypothesised trends predicted from the existing 
literature. First, it was hypothesised that TBIWP patients would show reduced priming at the short 
SOA, but that long SOA priming would be comparable to healthy performance. This was because 
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the speed of the lexical decision task at the short SOA was expected to introduce additional 
cognitive load that TBIWP patients would find difficult to integrate given their executive 
dysfunction. Instead, the TBIWP cohort showed the greatest accuracy priming of all groups at both 
SOAs (while the healthy cohort showed the least). TBIWP patients also demonstrated the second 
greatest RT priming effect at the short SOA (once again with the healthy cohort showing the least). 
However, at the long SOA they showed the second least amount of RT priming, and demonstrated 
hypopriming as did healthy controls. That is, both TBIWP and healthy cohorts demonstrated faster 
responses to unrelated, than related, pairs at the long SOA. While this result provides evidence for 
comparable priming from the TBIWP and healthy cohorts at the long SOA in line with hypotheses, 
the response pattern, including hypopriming, is effectively the inverse to that hypothesised. 
Thus overall, TBIWP patients were generally slower and more accurate in their responses 
during the lexical decision task. Accordingly, although not strictly reflecting hypothesised trends, 
these results align with the existing semantic processing literature in TBIWP (Hinchliffe et al., 
1998; McWilliams & Schmitter-Edgecombe, 2008; Perri et al., 2000; Schmitter-Edgecombe et al., 
1993). In brief, the semantic store is considered intact following TBI, with recorded deficits deemed 
an access problem, and/or the inefficient execution of semantic information (Haut et al., 1991b; 
McWilliams & Schmitter-Edgecombe, 2008; Perri et al., 2000). Importantly, this is typically 
demonstrated by slower RTs, but comparable response patterns from TBI participants (McWilliams 
& Schmitter-Edgecombe, 2008; Perri et al.,2000), as was shown here.  
Given that the TBIWP patients demonstrated superior accuracy (though not significantly 
so), their reduced RTs may further be explained by a speed-accuracy trade-off, perhaps consciously 
applied to counteract known deficits. Research has demonstrated that insight into post injury 
deficits correlates highly with measures of executive function, whereby poorer insight is related to 
poorer executive function, and vice versa (Bogod, Mateer, & Macdonald, 2002). With reference to 
the relatively intact performance of the TBIWP patients on measures of executive function 
(discussed in Section: 7.6.5: Executive Function), it follows that they may have had reasonable 
insight into their (albeit minor) impairments post injury, and exercised greater caution during task 
engagement as a result. This behaviour would explain both their enhanced accuracy priming (at 
both SOAs), and their RT performance. Thus, although comparable response speed at the short 
SOA was likely dictated by the speed of the task itself, long SOA responses, where controlled 
processing is engaged, were probably consciously slowed to allow for additional response caution.  
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Next, patients with schizophrenia were expected to show reduced priming at both the short 
and long SOAs, with PFTBI patients illustrating a comparable pattern with a greater deficit. 
However, at both SOAs, the schizophrenia cohort instead illustrated the opposite; the greatest 
degree of RT priming, and the second greatest degree of accuracy priming. Moreover, the PFTBI 
cohort did not demonstrate priming patterns comparable to their psychosis counterparts as 
expected. Although their priming was generally reduced, they showed a slightly greater degree of 
priming relative to healthy participants, who showed the least. Theoretically, the PFTBI and healthy 
cohorts should instead represent opposite ends of the performance spectrum. An exception was 
shown for RT priming at the long SOA, where, consistent with hypothesised trends, PFTBI patients 
performed more like schizophrenia patients. However, in this case, the psychotic cohorts showed 
the greatest degrees of priming, which was again inconsistent with expected performance.  
Semantic memory impairments are well established in psychosis (Chen et al., 1994; Rossell 
& David, 2006; Rossell et al., 1998; Rossell et al., 1999), with substantial evidence drawn from 
priming experiments (Manschreck et al., 1988; Rossell et al., 2000). However, normal and 
increased semantic priming has been shown by patients in the past, especially at a short SOA 
(Minzenberg et al., 2002; Surguladze et al., 2002). Short SOA priming is taken to reflect automatic 
processing, and the diversity in findings is believed to indicate heterogeneity in the spreading 
activation of semantic memory networks in patients (Minzenberg et al., 2002). This aligns again 
with the heterogeneity in schizophrenia generally, especially with regard to diversity in symptom 
severity and medication history. Despite being inconsistent with hypothesised trends, priming at the 
short SOA from the psychotic cohorts is, thus, in line with previous accounts of increased priming, 
and provides support for a sub-group of psychotic patients with relatively organised and efficient 
semantic networks. 
On the other hand, priming at a long SOA (controlled semantic processing), has typically 
demonstrated consistent impairment (Henik, Priel, & Umansky, 1992; Minzenberg et al., 2002; 
Ober, Venogradov, & Shenaut, 1995; Ober et al., 1997), although there are some exceptions (e.g., 
affective categories, Rossell, 2004
7
).  Impaired priming at a long SOA is taken to mark a 
breakdown in controlled cognition, including cognitive strategy and sustained attention 
(Minzenberg et al., 2002; Ober et al., 1997). Thus, controlled processing at the long SOA is more 
likely to be effected by current symptoms and chronicity (i.e., cognition and attention are more 
                                                          
7
This research is not directly comparable given the affective stimuli, however, this study provides important evidence 
of negative results in the semantic priming literature in schizophrenia. 
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likely to be influenced by state, rather than trait, factors)
8
. The current findings do not reflect this 
established literature. In fact, both psychotic cohorts demonstrated relatively efficient priming at the 
long SOA, despite providing evidence for statistically impaired attention on the RBANS, and 
deficits in executive function as measured by the Stroop (discussed in Section: 7.6.5: Executive 
Function).  
With reference to decreased priming from the healthy cohort, the semantic word pairs 
created for the lexical decision task may be responsible for the patterns of priming recorded here. 
Prime-target pairs can share various meaning-based relationships; purely semantic, purely 
associative, and jointly semantic and associative. In consideration for the potential confounds 
introduced by task design (see Rossell & Stefanovic, 2007), purely semantically-related pairs were 
carefully created, rated, and matched, for this research (see Section 7.3.2.4). This was to reduce the 
number of variables with the potential to complicate the priming data, and thereby isolate semantic 
priming from the cohorts. However, the semantic relationship between word pairs may have 
inadvertently become too pure to capture priming adequately. For instance, the pair cow-lion are 
semantically related because they share categorical and/or functional features; both are animals and 
have four legs (Rhodes & Donaldson, 2008). The pair chalk-cheese are associatively related 
because, while they do not share a semantic relationship, they are frequently used together in 
language, and thus linked in memory (Lucas, 2000; Rhodes & Donaldson, 2008). Doctor-nurse, on 
the other hand,  share both a semantic and associative relationship given that they are both 
professions in the medical field (functional semantic relationship) and are often used together in 
language (associative relationship; Nestor et al., 2006). The latter two pairs, especially the doctor-
nurse pair, demonstrate greater potency in meaning (this is known as the associative-boost, where 
the presence of the associative relationship ‘boosts’ the relatedness of the paired words; Moss, 
Ostrin, Tyler, & Marslen-Wilson, 1995). Thus, although the pair cow-lion is highly semantically 
related, it does not necessarily resemble semantic connections in the network, or thereby, the 
propagation of activated nodes in response to the prime ‘cow’.  That is, when asked to list words 
that come to mind in response to the word ‘cow’ it would be unusual to list the word ‘lion’. Other 
associatively-, or semantic and associatively-related words, including super- and sub-ordinate 
categories are more typical, such as calf, bull, horns, grass, or other farm-based animals such as 
chicken, horse etc.  By contrast, there are likely to be many semantic connections between the pair 
                                                          
8
As such, it is surprising that semantic priming in patients at a long SOA is not more inconsistent. Rossell (2004) 
highlighted that negative results are integral to the accurate picture of semantic processing abilities in psychosis. The 
general absence of these in the literature may explain why aspects of the semantic priming literature are so unclear. 
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cow-horse (or indeed doctor-nurse), because they are semantically related in more ways (i.e., 
greater semantic links) than cow-lion. According to spreading activation theory, the greater the 
semantic connections between concepts, the greater the power of the prime to facilitate prime-
target responses (McNamara, 2005; Nestor et al., 2006). Indeed, this has been demonstrated in both 
the healthy (Chiarello, Burgess, Richards, & Pollock, 1990) and schizophrenia (Nestor et al., 2006) 
populations. Nestor et al. (2006) reported that both their healthy and psychotic participants were 
primed least by semantic-only word pairs, relative to associative-only and dual semantic-associative 
pairs. Accordingly, the semantic-only prime-target pairs used in this research are considered to have 
had the greatest influence over the priming data recorded here from all four cohorts.  
Reaction time hypopriming demonstrated at the long SOA by the healthy and TBIWP 
cohorts, although negligible (i.e., .28ms and .33ms respectively), may also be explained by the use 
of semantic-only pairs.  Data from the healthy and TBIWP groups suggest that they found the 
presentation of an unrelated word readily identifiable as distinct from primed concepts, in turn 
facilitating faster RT’s. Related word pairs under controlled processing condtions (i.e., at the long 
SOA), appear to have registered as a semantic match, as was evident by sufficient accuracy rates.  
However, faster RTs were not facilitated in this condition, suggesting that additional cognition was 
engaged. Priming behaviour of this kind would be demonstrated in response to word pairs that are 
semantically related, but have few meaning-based links in the network (i.e., semantic-only 
relationships). Consequently, as was illustrated, hypopriming would result; faster RTs to unrelated 
versus related concepts.  
Enhanced priming from the psychotic cohorts in response to these pairs may constitute 
behavioural evidence of “hyperconnectivity” in the semantic network. This has been posited by 
theories of wider and less discriminate spreading of activation to concepts within the network in 
response to the prime (see Mathalon, Faustman, & Ford, 2002; Niznikiewicz et al., 1997; 
Niznikiewicz et al., 2004; Salisbury, 2009).  PFTBI accuracy hypopriming, however, appears to 
have occurred independent of hypothesised facilitation effects afforded by network activation. 
Some minor difficulty was shown in identifying semantically related, relative to unrelated, pairs by 
the PFTBI patients. However, given that (i) they showed hypopriming to accuracy only, and not to 
RTs, (ii) they demonstrated acceptable accuracy rates overall (>85% per condition), and (iii) the 
actual differences between accuracy rates for related and unrelated pairs was negligible (i.e., 0.46% 
at the short SOA, and 1.39% at the long SOA), this result does not implicate semantic memory 
structure. Moreover, because this response pattern was not statistically significant (including in the 
group x word relationship interaction following alpha reduction), this trend is probably an artefact 
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of poor attention, working memory (the target word was only on screen for 200ms), and executive 
dysfunction. Thus, PFTBI patients may have experienced added difficulty with the general 
demands of the task given the cumulative effect of their executive deficits. 
Further potential confounds, as highlighted by the literature, are considered as a matter of 
course in the following discussion. Speculations have been made about the effect of slowed patient 
RTs, and the subsequent miscalculation of relative semantic priming. However, analyses were 
conducted on calculations of proportional priming in this research to avoid the potential for this 
miscalculation. Furthermore, although the healthy cohort showed the fastest RTs overall, RTs from 
the psychotic cohorts were statistically comparable with these, suggesting that slowed patient RTs 
are not a confound in this analysis. In fact, the TBIWP patients were slowest to respond (albeit, not 
statistically), even relative to dually-diagnosed PFTBI patients who have shown the greatest degree 
of morbidity on various other assessments administered in this battery. Therefore, given matched 
injury severity, the presence of psychosis in PFTBI may have actually facilitated the speed of their 
responses relative to TBIWP, offering further evidence of hyperconnectivity.    
Looking more closely at relatedness proportion (RP), substantial empirical evidence has 
shown that lexical priming tasks using 25% or less related pairs typically show equivalent, or 
decreased, priming in psychosis relative to controls (Chapin, McGown, Vann, Kenny, & Youssef, 
1992; Ober et al., 1997; Rossell, 2004; Rossell & Stefanovic, 2007; Vinogradov, Ober, & Stenaut, 
1992). Statistically comparable priming at the short SOA (i.e., 25% RP) may thus have been 
influenced by RP.   However, given similar results at the long SOA, where the RP was at 75%, it is 
clear that these findings were not driven by RP alone. Greater percentages of RP are typically 
associated with greater priming in schizophrenia (Henik et al., 1995; Spitzer, Braun, Maier, Hulme, 
& Maher, 1993; Surguladze et al., 2002). Accuracy priming from the psychotic cohorts was aligned 
with this literature, albeit indicated by descriptive trends alone, and in the form of hypopriming in 
PFTBI. Yet, their RT priming demonstrated the opposite by showing greater priming at the short 
SOA where the RP was at 25%. Given that short SOA priming is taken to mark automatic 
processing, this result provides further support for the theory of hyperconnectivity in psychosis.  .  
Significantly greater degrees of priming have also been illustrated from schizophrenia 
patients as a function of thought disorder (Manschreck et al., 1988). Disparate priming from the 
psychotic cohorts may accordingly be explained by symptom profile. Although the groups were 
statistically matched on ratings from the Global TLC measure, the mean score for the schizophrenia 
cohort was considered “severe”, whereas assessments of thought disorder were in the “mild” range 
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for the PFTBI cohort.  Thus, elevated priming from the schizophrenia cohort may partially reflect 
elevated levels of thought disorder, relative to PFTBI.  
Finally, although the absence of statistical significance in this analysis is consistent with a 
subset of findings in the literature showing matched priming between healthy and psychotic 
cohorts, the potential for insufficient statistical power must also be explored. A priori power 
calculations were not possible for the PFTBI and TBIWP cohorts because similar studies using 
these cohorts have not been reported to date. Group sizes indicated by power analysis for the 
healthy and schizophrenia participants were taken from studies where group comparisons were 
performed for two groups on various cognitive neuropsychological measures, rather than four. In 
addition, a number of participants from both the healthy and schizophrenia groups were removed 
from analysis because of violations to the normality assumption, which reduced the total group size 
to below the number determined for these groups in a priori analysis (i.e., a minimum of 19 per 
group). Although significant group differences in priming have been demonstrated using groups of 
similar (e.g., Henik et al., 1995; Kwapil, Hegley, Chapman, & Chapman, 1990), and smaller sizes 
(e.g., Manschreck et al., 1988), these analyses were again performed on two-group, rather than 
four-group, comparisons. Group means, especially with regard to accuracy from the PFTBI cohort 
at the long SOA, indicate group differences that may have reached significance given greater 
statistical power. Moreover, while there is some overlap in standard error, the data show quite 
typical within-group variance, even in PFTBI where the variance was relatively elevated (e.g., 
Morgan et al., 2006; Rossell & Nobre, 2004). Taken together, this unfortunately suggests 
insufficient group sizes to power this analysis. However, the trends from this work indicate some 
important preliminary evidence for hyperconnectivity from the psychotic cohorts, which may be 
behaviourally isolated and observable by using semantic-only prime-target pairs. Post hoc power 
analysis was not conducted to confirm this speculation given that such analysis is logically flawed 
and misleading (see Hoenig & Heisey, 2001 for discussion).  
7.6.4 Reasoning. 
7.6.4.1 Group-wise comparisons. 
Due to existing reasoning deficits in the literature and the potential for executive 
dysfunction post injury, the TBIWP patients were expected to demonstrate reduced performance on 
the initial prediction index of the probabilistic reasoning task. They were not expected to 
demonstrate JTC behaviour. This hypothesis was supported only to the extent that the TBIWP 
cohort did not show JTC behaviour in either of the conditions. Patients with TBIWP demonstrated 
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the lowest, and equal lowest JTC behaviour for conditions one and two respectively. However, in 
conflict with hypothesised performance, their initial prediction data was very accurate; they were 
most accurate for the first condition, and equal most accurate for the second condition.  
Impairment has been documented in a number of reasoning abilities following TBI and 
these are believed to arise as a result of executive dysfunction post injury (Bibby & McDonald, 
2005; Geraci & Cantagallo, 2011; Goverover, 2004; Krawczyk et al., 2010; Morrison et al., 2004). 
Mild executive impairment was demonstrated by the cohort, although few significant contrasts 
were found between the TBIWP and healthy cohorts on the executive function tasks (discussed in 
the following Section: 7.6.5: Executive Function).  Thus, executive dysfunction in the current 
TBIWP sample may not have been pronounced enough to impair probabilistic reasoning on the 
beads task.  Furthermore, Osherson et al. (1998) has shown the laterality of reasoning, especially 
the dominance of left hemispheric regions during probabilistic reasoning. Relative to PFTBI, the 
TBIWP cohort had two additional patients with injuries to their left hemisphere, elevating the 
likelihood of probabilistic reasoning deficits in this cohort. As such, intact reasoning from TBIWP 
patients may partially reflect the inadequacy of the task as well (discussed later in this section). 
Self-rated confidence from TBIWP patients was quite reasonable for both conditions (~80-90%), 
and this cohort showed the least amount of within group variability on both prediction and 
confidence indices.   
The findings in schizophrenia have been especially inconsistent to date and, therefore, a 
response pattern for patients with schizophrenia was not hypothesised. In line with much of the 
existing literature (e.g., Huq et al. [1988] and McKay et al. [2007]), patients with schizophrenia did 
not show a significant JTC bias. The percentage of patients who made a decision by the first or 
second bead (i.e., JTC bias) exceeded that of the comparison cohorts descriptively; however, this 
amounted to only one additional patient compared with the healthy cohort for both conditions. For 
the first condition, the mean draws-to-decision from the schizophrenia patients was actually the 
most conservative of all cohorts.  That is, during the first condition they waited the longest on 
average to make a decision. By contrast, they made the earliest judgement during the second and 
more difficult condition (i.e., ratio 60:40), however, this was still considered a conservative number 
of draws-to-decision (i.e., between 15-16 bead draws). It was clear that patient’s felt some 
uncertainty about the task objective during the first condition, and this may account for their greater 
draws-to-decision. The task was explained in the same way to all participants using the jars of 
beads as an illustration, and instructions were repeated upon request, however, patients generally 
appeared more comfortable with the task by the second condition (i.e., once they had effectively 
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completed a practice). This was noticeable over and above any comparable uncertainty felt by the 
other cohorts, and would account for the reduced mean draws-to-decision illustrated in the second 
condition, despite the more difficult probabilistic ratio. 
The initial predictions of likelihood from the schizophrenia cohort were slightly below 
accuracy in the first condition, although substantial variability was shown from the group. Yet, their 
predictions for the second and more difficult condition were more accurate and less variable than 
the healthy cohort. This too may be an indication of initial task uncertainty; more than any other 
cohort schizophrenia patients tended to overthink the question of percentage likelihood during the 
first condition, with more than one requesting pen and paper to try and determine the answer 
mathematically. Importantly though, their accurate responses to this question by the second 
condition provides evidence of intact probabilistic reasoning.  Patients also illustrated self-rated 
confidence that was comparable to the healthy participants on both conditions. However, they 
showed slightly larger group variability for the confidence level associated with their decision in 
the second condition, likely to reflect the more difficult ratio.  
Patients with PFTBI were expected to show the largest degree of impairment, however, no 
prediction was made as to whether their response pattern would most closely reflect TBIWP or 
schizophrenia. An enhanced JTC style was not demonstrated by the PFTBI cohort. In fact, their 
data on this index was comparable to healthy performance. On average, PFTBI draws-to-decision 
most closely resembled the schizophrenia cohort; they made a decision approximately one bead 
earlier and one bead later than the schizophrenia cohort on the first and second conditions 
respectively. It appears, then, that cognition underlying the task performance on this index may be 
driven by the psychosis in PFTBI, rather than direct changes in cognitive processing arising as a 
result of their injury. 
The prediction of likelihood data registered by the PFTBI patients was the furthest away 
from the correct response for both conditions, and thus in line with hypotheses. Despite this, 
however, their prediction on the second condition was still comparable to the one made by the 
healthy cohort. Given the poorest average predictions to both conditions, these data may suggest a 
negligible reduction in probabilistic reasoning in the PFTBI cohort, remembering, however, that 
these contrasts were not statistically significant. On the other hand, their prediction on the first 
condition, and draws-to-decision behaviour on both conditions, most closely reflected that of the 
schizophrenia cohort. Given that the schizophrenia patients illustrated intact probabilistic reasoning 
on this task, the performance in PFTBI may instead arise from generally deficient cognitive 
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processing. Relative to any other group, the PFTBI patients also demonstrated the largest variability 
in their initial predictions, yet, the greatest confidence in their decisions for both conditions, and 
this may offer further evidence that these results are underpinned by a general deficit in cognition.   
Two important trends are noted here. First, the psychotic cohorts demonstrated the largest 
within group variability across all measures for this task. Once again, this is consistent with the 
large literature indicating the heterogeneity of psychosis (Badcock et al., 2005; Mercado, 
Johannesen, & Bell, 2011; Palmer et al., 1997; 2010). Second, self-rated confidence tended to be 
greater from the TBI cohorts. Bearing in mind that this was not demonstrated statistically, this 
behaviour may reflect poor insight as has been documented post TBI (O’Keeffe, Dockree, & 
Robertson, 2004; O’Callaghan, McAllister, & Wilson, 2012). This is not necessarily inconsistent 
with speculation that increased insight may have mediated TBIWP performance on the 
computerised semantic priming task. It is reasonable that patients post TBI may have insight into 
impairments in their physical abilities (i.e., speeded button presses for the priming task), whereas 
these may not be so obvious for aspects of complex cognition, such as reasoning. The incorrect 
appraisal of their existing cognitive impairment, while only mild in the case of TBIWP, may 
underlie this trend toward enhanced self-rated confidence from the injured cohorts. Moreover, 
Kennedy (2001) reported that when TBI patients were uncertain about the accuracy of an answer 
they responded with over-confidence, whereas healthy comparisons tended to be under-confident. 
These data are therefore consistent with Kennedy’s (2001) findings, and together provide evidence 
for a general over-confidence in decision making post TBI.  
The probabilistic reasoning deficit purported to exist in psychosis, and underpin a general 
JTC style bias, was not captured by the beads task modified from Huq et al. (1988). Rather than a 
bias associated with psychosis, the findings from this work suggest that JTC behaviour may exist in 
a minority of individuals when a task outcome is considered predictable (i.e., condition one), 
irrespective of diagnosis. During this first, and easier, condition approximately 20-25% of 
participants evenly distributed across the cohorts demonstrated a JTC bias (with the exception of 
TBIWP patients where this number was only 10%). Under circumstances where the predictability 
of the outcome was less likely (i.e., in the second and more difficult condition, ratio 60:40), JTC 
behaviour was no longer evident (with the exception of one schizophrenia patient).   Importantly, 
where descriptive group differences were noted in JTC behaviour these did not reach statistical 
significance. Moreover, the mean draws-to-decision from the psychotic cohorts did not approach 
the JTC bias cut-off, and accordingly, these data are in support of literature indicating that a JTC 
bias in psychosis may be inaccurate (i.e., Averbeck et al., 2012; Huq et al., 1988; Maher, 1992; 
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McKay et al., 2007; Moritz et al., 2007; 2009). Earlier responses from the psychotic cohorts on 
condition two may support arguments for a general data gathering bias, or “lowered threshold”, 
during decision making in psychosis (e.g., Averbeck et al., 2010; Moritz et al., 2007; 2009). 
However, the current findings alone do not provide sufficient evidence for a decision making style 
of this nature.  
Adaptations of Huq et al.’s (1988) beads task are widely used in the schizophrenia research 
(Garety & Freeman, 1999; Langdon et al., 2010; Peters et al., 1997). However, the current results 
suggest that the validity of the beads task as a measurement of probabilistic reasoning, and/or the 
JTC bias, may need to be reviewed. This is especially true regarding the data obtained from the 
TBIWP cohort who, theoretically, should have demonstrated elevated deficits in reasoning.  It was 
apparent during administration that the task may instead be capturing an individual’s propensity to 
gamble, and a number of participant comments reflected this view. This is made further likely given 
that the task was initially conceived using poker chips (Phillips & Edwards, 1966), and may also 
offer additional explanation for the absence of statistically significant contrasts.  Should the task 
continue to be used to measure probabilistic reasoning, the incorporation of the initial prediction 
question, and reporting of these data, is recommended. Although these predictions were not 
statistically significant across cohorts, they offered valuable insight into the reasoning capacity of 
the participant, as well as the participant’s comprehension of the task, and this has proved valuable 
in understanding the trends in this dataset. Finally, given that there were obvious problems with 
task comprehension, especially from the schizophrenia cohort, it may be worth incorporating an 
initial practice task in future administrations. 
7.6.4.2  Presence/absence of delusions. 
A significantly enhanced JTC bias was not shown by patients with delusions relative to 
those without. These data are inconsistent with both the hypothesised trends and findings originally 
published by Huq et al. (1988). Deluded patients showed a higher propensity to make a decision 
within their first or second bead draw (i.e., JTC bias); however, the largest difference was 
approximately six per cent and not statistically significant.  During condition one, deluded patients 
were also more conservative in their draws-to-decision than non-deluded patients, and although 
they decided sooner during condition two, their responses remained conservative, and far from the 
JTC cut-off (i.e., 15-16 bead draws). Initial predictions and self-rated confidence from the two 
groups were very closely matched across trials, with slightly higher variability for the group with 
 274 
delusions on the second trial. Matched self-rated confidence is further inconsistent with the 
hypothesis established from the findings of Huq et al. (1988).  
It is clear that these results mirror the data acquired from the schizophrenia and healthy 
cohort comparisons. All but two patients diagnosed with schizophrenia were included in the 
deluded group, along with all of the PFTBI patients. Thus, the majority of the non-deluded sample 
consisted of healthy controls (i.e., 92%), who were originally included in the non-deluded sample to 
ensure statistical power. As such, these contrasts are not considered adequate in the investigation of 
probabilistic reasoning ability in deluded versus non-deluded psychosis, and no further 
interpretation is provided. Non-deluded patients diagnosed with psychosis must constitute the non-
deluded cohort in future research desiring to make this contrast.   
7.6.5 Executive function. 
All three patient cohorts were expected to show executive dysfunction in the form of poor 
mental inhibition and switching, processing speed, and attention deficits, relative to healthy control 
performance. These will be discussed in turn.  
7.6.5.1 Mental inhibition and switching. 
The measures of inhibition and switching included the Stroop inhibition and switching 
trials, as well as the Stroop derived interference and switching-interference scores, the TMT Form 
B, and the TMT derived difference score. Data followed the same pattern across all measures; 
superior performance was shown by the healthy cohort, followed by TBIWP, schizophrenia, and 
PFTBI patients who performed most poorly.  Although this pattern supports hypothesised 
reductions in performance from the patient cohorts, not all contrasts were statistically significant in 
post hoc analyses.  
Reduced inhibition and switching performance from the TBIWP cohort was intermediate 
between healthy and schizophrenia performance. On measures of mental inhibition, the TBIWP 
cohort performed both comparably and statistically worse than the healthy comparison, and both 
comparably and statstically better than patients with schizophrenia. This finding supports the few 
studies that have correctly calculated a Stroop derived interference score and documented impaired 
inhibition post TBI (Ponsford & Kinsella, 1992; Rios et al., 2004; Stuss et al., 1985). However, 
much of this work has reported that inhibition deficits may no longer exist once the effects of 
slowed processing speed are removed by analysis. Given the statistical inappropriateness of similar 
analysis in the current dataset (see Chapter Eight), it is unclear whether deficits illustrated here 
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reflect true impairment in mental inhibition alone, or were mediated by other executive dyfunction, 
especially poor processing speed. Although, it is noted that the TBIWP cohort in the current 
research did not demonstrate especially poor processing speed (discussed later in this section). 
Statistically comparable mental switching from the TBIWP cohort (i.e., matched with the 
healthy and schizophrenia cohorts on all four indices), is inconsistent with indications of impaired 
cognitive flexibility post severe TBI on a modified version of the Stroop switching task (Perlstein et 
al., 2006; Seigourel et al., 2005), and on the Trail Making Task (Rios et al., 2004).  Within group 
variability may explain the absence of statistically significant group distinctions in cognitive 
flexibility, given that impairment was shown descriptively. It is unlikely that this result is driven by 
insufficient statistical power due to the TBIWP sample size; both the healthy and schizophrenia 
cohorts were also statistically matched on all measures of mental switching, yet were more robust 
in sample size. Importantly, the TMT assessment of mental switching accounts for the effects of 
processing speed when applying the difference score, and thus, slowed processing speed can also be 
disregarded as influential. The effect of injury severity, however, could not be determined given 
insufficient statistical power for this analysis. The undue influence of severity was, however, hoped 
to be balanced by a representative sample across mild, moderate, and severe injury. Even so, the 
two poorest performers from the TBIWP cohort had sustained a severe head injury. While this may 
suggest that greater deficits in mental inhibition and switching follow severe TBI, the two 
remaining patients with a severe injury conversely demonstrated scores that were superior to the 
rest of the TBIWP cohort. Thus, descriptively at least, these results tend to support evidence that 
cognitive inhibition and switching may be unmediated by injury severity (Dimoska-Di Marco et al., 
2011; Stuss et al., 1985).  
Patients with schizophrenia showed intermediate inhibition and switching performance; on 
all measures they performed descriptively below TBIWP, and above PFTBI patients. However, 
statistical analyses indicated a deficit in mental inhibition only. This finding reflects substantial 
research indicating cognitive impairment on the Stroop from patients, and in delusion proneness 
(Barch et al., 2004; Brenton et al., 2011; Ferchiou et al., 2010; Orem & Bedwell, 2010). Facilitation 
as measured by Barch et al. (2004) was not computed given that the word and colour control 
conditions produce a derived interference score, that is effectively comparable to computed 
facilitation. As such, these data are contrary to reports from Barch et al. (2004) of equivalent 
inhibition interference effects in schizophrenia and healthy participants administered the Stroop.  
However, in finding this result using the traditional format of the task (e.g., as opposed to the single 
card version), these data demonstrate that the Stroop itself is not responsible for reports of 
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equivalent interference, contrary to suggestions from Henik and Salo (2004). Instead, as argued by 
Perlstein et al. (1998), these findings support the use of the traditional Stroop task in the assessment 
of cognitive inhibition in schizophrenia. Notably, this result is aligned more generally with the 
established executive dysfunction in patients.  
Conversely, the robust evidence for deficient task switching abilities in schizophrenia was 
not demonstrated by this dataset (Hermens et al., 2010; Ravizza et al., 2010; Smith et al., 1998; 
Wylie et al., 2010). In particular, both Hermens et al. (2010) and Smith et al. (1998) reported poor 
mental switching on the TMT using schizophrenia samples of a smaller, and comparable size, 
respectively. Most notable, however, is the larger variability of the schizophrenia cohort in the 
current research, compared with previous work. However, both of these studies compared the 
schizophrenia cohort with a healthy sample only. Thus, these comparisons may have been 
underpowered, driven by the considerable heterogeneity of mental switching capabilities in the 
schizophrenia sample, and the four cohort design of the current study.   
The greatest impairments in both mental inhibition and switching were again illustrated by 
the PFTBI cohort, who performed statistically below the comparison cohorts as hypothesised. 
Interestingly, although their deficits were much worse on each of these measures, the PFTBI patient 
data illustrated a pattern reflective of the one shown by the schizophrenia data; mental switching 
determined by the Stroop task appeared to be relatively better than the more substantial mental 
inhibition impairment (see Figure 7.14; Results). Yet, it is clear from both the Stroop and TMT 
data in PFTBI that mental switching is substantially impaired, even when isolated from the effects 
of reduced processing speed (i.e., significant differences were shown on the TMT difference score 
for the PFTBI group). This was also true despite the largest, and sizable, variability demonstrated 
by the PFTBI cohort across all cognitive inhibition and switching indices. Furthermore, the TMT 
ratio score for the PFTBI cohort approached the proposed threshold for substantial set-switching 
dysfunction (Arbuthnott & Frank, 2000). Accordingly, these data present novel evidence of 
considerably poor cognitive inhibition and switching in dually diagnosed PFTBI patients, both 
relative to health, and beyond the impairment of their brain-injured, and psychotic, counterparts.  
7.6.5.2 Processing speed. 
Processing speed was measured by the Stroop colour and word trials, and the TMT Form A. 
The same graded pattern of reduced performance was shown as to the abovementioned inhibition 
and switching measures.  That is, superior performance was illustrated by healthy participants, 
followed by the TBIWP, schizophrenia, and PFTBI patients who recorded the slowest processing 
 277 
speeds. Analysis of errors on the Stroop trials further indicated that group-wise differences were not 
mediated by a speed-accuracy trade-off in the traditional sense. Once again, however, not all 
comparisons were significant. On the Stroop, TBIWP patients again performed both comparably 
and statistically worse than the healthy comparison, and both comparably and statstically better 
than patients with schizophrenia. On the TMT, these cohorts were instead statistically matched. 
Slowed information processing is one of the most consistently reported findings post brain 
injury, and in patients diagnosed with schizophrenia (Ben-David et al., 2011; Brebion et al., 1998; 
Clement & Kennedy, 2003; Ojeda et al., 2008; Ponsford, Draper, et al., 2008; Rios et al., 2004; 
Spikman et al., 2004). The current findings support established processing speed deficits in these 
cohorts; yet, this is the first study to statistically compare TBI and schizophrenia patients on these 
measures. This unique comparison has demonstrated that, akin to inhibition and switching ability, 
information processing post TBI is impaired relative to healthy individuals, although it may not be 
as impaired as in schizophrenia. Once again, the heterogeneity of cognitive processing is apparent 
given that each of these cohorts showed both statistically different, and statistically matched, 
performance with the cohort closest to them performance-wise on the Stroop measures. Large 
variability was also shown on the TMT (Form A). Given that Form A is a basic counting and visual 
search task, it may not be an especially sensitive measure of processing speed, and this would 
account for the statistically matched performance from the healthy, TBIWP, and schizophrenia 
cohorts, despite graded performance having been demonstrated descriptively. 
Importantly, PFTBI performance was the most significantly impaired on all measures of 
processing speed as hypothesised. It is noted that this difference was only found relative to the 
healthy cohort comparison on the TMT, however, this is considered to reflect the reduced 
sensitivity of this measure as already mentioned. Evidence for processing speed deficits in a PFTBI 
sample is in support of work from Fujii et al. (2004), who suggested the same using retrospective 
chart review, and comparisons with healthy data drawn from their existing work.  These findings 
thus provide valuable and novel evidence of slowed information processing in PFTBI patients using 
standardised measures, and matched group-wise hypothesis testing.  
7.6.5.3 RBANS attention index. 
Data from the RBANS Attention index reflected an identical pattern to the executive 
functions discussed in this section; superior attention was illustrated by healthy participants, 
followed by the TBIWP, schizophrenia, and PFTBI patients. This is unsurprising given that the 
executive functions, including attention, are considered inextricably linked frontal lobe processes 
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(Lipton et al., 2009). The TBIWP cohort once again showed both comparable and statistically 
reduced attention relative to the healthy cohort, and both comparable and statstically superior 
attention relative to schizophrenia patients. Again, and imperative to this work, PFTBI patients 
illustrated statistically inferior attention as hypothesised.   
These data are consistent with robust evidence of attentional impairment post traumatic 
brain injury (Oddy et al., 1985; Ponsford, Draper, et al., 2008; Spikman et al., 2000; Zino & 
Ponsford, 2006), and as a core cognitive feature in schizophrenia (Benton et al., 2011; Bleuler, 
1911; Diwadkar et al., 2011; Kumar et al., 2010; Mitchie et al., 2000; Weiss et al., 2007). They 
further provide another important and novel finding in PFTBI given that the existing literature has 
conversely suggested a relatively minor impairment in attention (i.e., in 11.76% of cases; Fujii & 
Ahmed, 2002). Note, however, that this rate was drawn from a single study assessing chart review 
information against the available norms (Fujii & Ahmed, 2002). The substantial impairment in 
PFTBI found in the current research thus has additional credence according to its standardised and 
empirical design, and alignment with the prominent attentional deficits already established post 
TBI, and in schizophrenia.  
7.6.6 Intelligence quotient. 
7.6.6.1 Premorbid IQ. 
Given that an elevated risk for psychosis has been associated with reduced premorbid IQ 
(Cannon et al., 1999; Crawford et al., 1992), it was hypothesised that psychotic patients would 
show reduced scores on the NART relative to healthy and TBIWP comparisons. Instead, the four 
cohorts were matched on premorbid (NART) IQ, with the lowest mean score shown by the TBIWP 
cohort (however, they also demonstrated the largest within group variability). NART scores from 
all cohorts fell within the “average” range for premorbid IQ. As such, although hypothesised 
premorbid IQ in TBIWP was supported, this result is negated by the same in the psychotic cohorts. 
This is the first time the standardised measurement of premorbid IQ has been reported in a cohort 
of PFTBI patients. It is unlikely that average range premorbid IQ in the current samples is 
indicative of “higher-functioning” psychosis subgroups as has been proposed in the literature (e.g., 
Badcock et al., 2005; MacCabe et al., 2012). Such cases typically show the preservation of 
intelligence (Badcock et al., 2005; Mercado et al., 2011; Palmer et al., 1997), not demonstrated by 
current IQ scores from the psychotic cohorts in this research (discussion following). 
Despite not supporting hypothesised group differences in psychosis, matched average 
premorbid intelligence is a favourable outcome, given that it provides evidence of a well matched 
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total sample of average intelligence prior to injury and/or illness onset. Importantly, this indicates 
that pre-existing intellectual impairment has not depressed current intelligence, and thus, 
performance on the neuropsychological battery overall. Furthermore, this finding is aligned with 
emerging evidence refuting the link between reduced premorbid intelligence and psychosis (Carter 
et al., 2010, Szoke et al., 2008). This is the first known report of premorbid IQ in a PFTBI sample, 
and while substantial replication is necessary, these data advocate for psychosis proneness unrelated 
to reduced intellectual ability.  
7.6.6.2 Current IQ. 
By contrast, significant group differences were illustrated on the overall measure of current 
intelligence (WAIS IQ), and to the component parts of the WAIS (Weschler, 1955); visuo-spatial 
(Matrix Reasoning) and verbal (Vocabulary). Group-wise differences followed the same pattern on 
overall WASI IQ and verbal IQ; the poorest scores were demonstrated by patients with PFTBI, 
followed by statistically matched IQ from the schizophrenia and TBIWP cohorts, and superior IQ 
from the healthy cohort. Visuo-spatial IQ instead showed statistically matched scores from the 
psychotic cohorts, and these were reduced relative to the TBIWP and healthy cohorts who were 
also statistically matched.  
While it was expected that TBIWP patients would demonstrate reduced current IQ, it was 
explicitly predicted that the verbal aspects of IQ would remain intact in this cohort. This was 
because it is well established that vocabulary represents a stable aspect of intelligence, independent 
of symptomatology (e.g., Szoke et al., 2008). However, TBIWP patients illustrated verbal IQ that 
was statistically below that of both the healthy and schizophrenia comparisons. Despite not 
supporting hypothesised TBIWP performance, this result is aligned with the premorbid IQ 
assessment in TBIWP (also a language-based measure). Thus, the consistent nature of verbal IQ 
pre- and post-traumatic brain injury was demonstrated by these data, and explains why current 
verbal IQ in TBIWP was not comparable with the healthy participants as hypothesised.  
Superior visuo-spatial (Matrix Reasoning) IQ from the TBIWP patients was also 
inconsistent with hypothesised performance. Striking deficits in visuo-spatial IQ have been shown 
elsewhere post TBI (Chadwick et al., 1981; Clement & Kennedy, 2003; Donders, 1997). Further, 
these are typically more pronounced than verbal IQ impairment (Ferri et al., 2004), opposite to the 
result illustrated here. A number of potential influences are worth consideration in light of this 
result. First, slowed processing speed often constrains the measurement of visuo-spatial IQ (e.g., 
Ferri et al., 2004). However, the TBIWP cohort were proficient in processing speed (see previous 
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discussion), and the WASI Matrix Reasoning task is not performed under time pressure. Thus, 
visuo-spatial IQ should not have been mediated by proccessing speed constraints, should they exist. 
Next, indications that greater impairments in IQ are associated with greater injury severity (e.g., 
Curtis et al., 2009; Donders & Janke, 2008; Ferri et al., 2004; Rohling et al., 2011) do not appear to 
explain TBIWP visuo-spatial performance either. Injury severity was matched across brain injured 
cohorts according to LOC, PTA, and the percentage of patients classified as severely injured (40% 
in both). Therefore, had injury severity been driving this result, patients with TBIWP should 
illustrate visuo-spatial IQ deficits, similar to that of their injured counterparts (i.e., PFTBI patients). 
Finally, the lateralisation of verbal and visuo-spatial aspects of intelligence has been established, 
where right hemispheric lesions are likely to reduce visuo-spatial IQ (e.g., Nass et al., 1989). Eighty 
per cent of patients from the TBIWP cohort had sustained an injury to the right hemisphere, relative 
to 100% of the PFTBI cohort. This may account for some of the better performance from TBIWP 
patients, however it is unlikely that hemispheric lesion location alone explains, (i) why visuo-
spatial IQ from the TBIWP cohort was not poorer given the previous literature, and indeed, their 
reduced verbal IQ, and (ii) the size of the difference in performance IQ between the two brain-
injured cohorts.  
Hypothesised reductions in IQ (Full Scale and subscale measurement) in schizophrenia 
patients were supported relative to healthy performance. This result is consistent with substantial 
evidence of intellectual deficits in schizophrenia (Bilder et al., 1992; Caspi et al., 2003; Hoff et al., 
2005; Jespen et al., 2010; Kalkstein et al., 2010; Seidman et al., 2006; Xiang et al., 2010b). 
Interestingly, of the three patient cohorts, schizophrenia patients had the most consistent scores 
across WASI Full Scale and component IQ measures (see Figure 7.15; Results). Deficits in verbal 
intelligence were most comparable to those shown by the TBIWP cohort (reflected in Full Scale 
IQ), whereas schizophrenia visuo-spatial IQ deficits were more like PFTBI impairment. However, 
this pattern is likely due to the abovementioned unusually poor verbal proficiency demonstrated by 
the TBIWP cohort.  
Finally, patients with PFTBI again illustrated the poorest scores as hypothesised; however, 
this was supported statistically on Full Scale and verbal IQ, yet only descriptively on visuo-spatial 
IQ, where PFTBI poor performance was statistically matched with schizophrenia patients.  
Estimates of current IQ in PFTBI have been inconsistent and confined to single case reports to date. 
Nonetheless, these data support retrospective chart review findings published by Fujii et al. (2004) 
and Sachdev et al. (2004) who reported reduced IQ, but not a case study from Bamrah and Johnson 
(1991), who reported normal range IQ. The similar patterns across IQ subcomponents from the 
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TBIWP and PFTBI cohorts, not demonstrated by patients with schizophrenia, suggest that the 
profile of impairment in PFTBI IQ may be most influenced by deficits arising from the injury, 
while the dual diagnosis may be responsible for the relative degree of impairment. However, given 
the unexpected degree of verbal IQ impairment in TBIWP patients in this research, IQ profiles post 
injury in patients with, and without, subsequent psychosis, and their comparisons, require further 
replication.  
7.6.7 Summary of the PFTBI cognitive neuropsychological profile. 
The cognitive neuropsychological profile in PFTBI was overwhelmingly impaired relative 
to comparison cohorts. It appears that, overall, patients with PFTBI experience greater 
neuropsychological deficits than their single diagnosis counterparts. As noted, on tasks where 
significant differences were shown, PFTBI patients demonstrated significantly isolated inferior 
performance 63.33% of the time.  This includes especially impaired immediate and delayed 
memory, attention, processing speed, mental inhibition and switching across various measures 
(including category switching during phonological fluency), current Full Scale and verbal 
intelligence, and importantly, overall neuropsychological function as measured by the RBANS 
Total Scale Score. On measures where group-wise differences were not significant, mean scores 
from the PFTBI cohort generally remained the poorest. These included assessments of visuo-spatial 
and Gestalt processing, language, phonological and semantic fluency (including the majority of 
cluster and switching measures), lexical decision task accuracy rates, predictions on the 
probabilistic reasoning trials (alongside the highest self-rated confidence), and visuo-spatial (Matrix 
Reasoning) intelligence. 
Illustrated by the plots of standardised group means contained throughout this chapter, a 
similar pattern of incremental performance was demonstrated on the majority of assessments. This 
graded performance is a key finding, whereby the healthy cohort was generally identified as 
superior, followed by TBIWP, schizophrenia, and dually-diagnosed PFTBI patients. On a handful 
of assessments where significant group-wise differences were identified, the poor performance 
from PFTBI patients was statistically matched with another patient group. Statistical comparability 
was identified with schizophrenia patient performance on measures of immediate memory (Story 
Memory subscale), attention (Coding subscale), semantic fluency switches, and visuo-spatial 
intelligence. Conversely, statistical comparability with TBIWP patient performance was shown on 
phonological fluency (subcomponent ‘a’) only. It appears, then, that the effects of psychosis in 
PFTBI may be more influential on cognitive neuropsychological abilities than the effects of the 
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TBI. It is suspected, however, that the TBIWP patients were relatively well recovered and high 
functioning, given contrasts with deficits reported in the TBI literature. Therefore, they may not be 
a particularly representative sample. 
In light of the previous, and limited, literature in PFTBI, this research has provided a clear 
indication that cognitive neuropsychological deficits are more thoroughly elucidated by 
comparisons made with matched cohorts, rather than available norms. This work is the first to make 
these comparisons using injury and clinically matched patients on a variety of recognised scales. It 
is also the first research to administer a full neuropsychological battery comprised of standardised 
measures, and driven by hypothesis testing. These data thus represent a novel contribution to the 
literature, indicating that dual brain injury and psychosis have a profound effect on overall 
cognitive neuropsychological function.  
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Chapter 8: Mediators of Cognitive Neuropsychological Performance 
8.1 Introduction 
As highlighted in Chapter Five (Section 5.1.7-5.1.9), the literature has indicated that a 
number of injury and illness-related variables are likely to influence cognitive neuropsychological 
performance. Analysis of covariance (ANCOVA) is typically applied in research of this nature, in 
an attempt to statistically account for these influences where group-wise comparisons are made. 
However, the correct application of this statistical test relies on key assumptions about the data.  
Preliminary analyses revealed that selected statistical assumptions were violated in the current 
dataset (see Appendix S for discussion). Thus, the ANCOVA technique was deemed statistically 
inappropriate. Instead, correlational analyses were performed to provide an indication of the likely 
mediators of performance for each participant group. Injury and illness-related factors identified as 
influential in the TBI and schizophrenia literature are contained in Table 8.1.  
8.2 Hypotheses 
Significant relationships were expected between injury/illness variables and cognitive 
neuropsychological variables in accordance with the existing literature. Mediating variables 
identified by the TBI and schizophrenia literature were, at minimum, expected to demonstrate 
comparable relationships in PFTBI performance. The hypothesised directionality of correlations are 
indicated in Table 8.2.  No specific hypotheses were made regarding the time since injury, 
psychosis onset latency, or antipsychotic dosage, given that the effect of these variables on 
neurocognition is particularly unclear in the existing research.  
8.3 Method 
8.3.1 Participants. 
The participant cohorts were detailed in Chapter Six. Reduced group sizes for tasks relevant 
to these analyses were as follows; (i) the Stroop task (schizophrenia group, n =22), and (ii) current 
IQ (healthy control, n =22) (see Chapter Six for details). 
8.3.2 Experimental measures and procedure. 
Injury and illness-related variables of interest were defined as measures that (i) have been 
identified in the existing literature as potential mediators of cognitive neuropsychological 
performance, (ii) were continuous in nature, and (iii) normally distributed. Although dichotomous 
categorical variables can be subjected to correlational analysis, the only relevant dichotomous   
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Table 8.1 
Injury/Illness-Related Mediators on Cognitive Neuropsychological Performance according to the TBIWP 
and Schizophrenia Literature 
Cohort Hypothesised Mediators Evidence 
TBIWP Age of injury acquisition 
Beauchamp et al., 2011; MacNeill Horton Jr. et al., 2010; 
Senathi-Raja et al., 2010. 
 Injury severity (LOC, PTA) Mathias & Weaton, 2007; Schretlen & Shapiro, 2003. 
 
Injury type (closed-head      
versus penetrating) 
Hiscock et al., 2002.  
 Lesion location (hemisphere) Nass et al., 1989. 
 Lesion location (lobe) 
Anderson et al., 1995; Beauchamp et al., 2011;    
Berryhill et al., 1995; Krawczyk et al., 2010. 
 Time since injury Dimoska-Di Marco et al., 2011; Senathi-Raja et al., 2010. 
 Processing speed 
Dimoska-Di Marco et al., 2011; Ponsford & Kinsella, 
1992; Rios et al., 2004; Stuss et al., 1985. 
 Attention Beauchamp et al., 2011; Perri et al., 2000. 
 Premorbid IQ Morris et al., 2005. 
 Education Leblanc et al., 2006. 
Schizophrenia Age of illness onset 
Landro & Ueland, 2008; Phillips et al., 2004; Sumiyoshi 
et al., 2001. 
 Illness duration Henry & Crawford, 2005. 
 Positive symptoms (generally) 
Averbeck et al., 2010; Menon et al., 2006; Moritz et al., 
2007; Woodward et al., 2009. 
 Positive symptoms (delusions) 
Colbert & Peters, 2002; Linney et al., 1998; Warman et 
al., 2007. 
 Negative symptoms Bowie et al., 2004; Woodward et al., 2009. 
 Disorganised symptoms 
Knight & Silverstein, 1998; Silverstein et al., 2000; 
Uhlhaas et al., 2005; Uhlhaas et al., 2006. 
 Current IQ Knowles et al., 2010; Lincoln et al., 2010. 
 Processing speed Ojeda et al., 2008; Vinogradov et al., 2002.  
 Attention Wilk et al., 2005. 
 Medication Knowles et al., 2010. 
 
 
variable, injury type (i.e., closed head versus penetrating), was excluded given that 100% of 
participants had sustained a closed head injury. The remaining categorical variables, containing 
information on lesion location, were also excluded because they had greater than two categories; 
hemisphere (i.e., left, right, and both), and lobe. 
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In addition to variables listed in Table 8.1, correlations were also explored between cognitive 
neuropsychological variables and; (i) HADS anxiety scores, given statistically significant 
differences on HADS anxiety classifications (Chapter Six), and with reference to the reported 
effects of anxiety on neurocognition (see Byrne & Eysenck, 1995; Castaneda, Tuulio-Henriksson, 
Marttunen, Suvisaari, & Lonnqvist, 2008; O’Toole & Pedersen, 2011; Rinck, Becker, Kellermann, 
& Roth, 2003), and (ii) psychosis onset latency in the PFTBI group, given the novel nature of this 
research, and because the duration between the injury and subsequent development of illness may 
theoretically share a relationship with neuropsychological profile (e.g., a shorter illness onset 
latency may be related to poorer performance on the test battery). 
Hypothesised mediating variables were subjected to Pearson Product-Moment correlational 
analyses using IBM® SPSS® software, Version 19 (IBM Corporation, New York, USA). Data 
from the TMT Form A
9
 and RBANS Attention Index were used as measures of processing speed 
and attention, respectively. Data cleaning and assessments of normality for the cognitive 
neuropsychological variables were contained in Chapter Seven. Normality for all Stroop and TMT 
items was corrected by transformation (detailed in Chapter Seven), and the four RBANS subtests 
unable to be corrected by transformation were omitted from this analysis; Figure Copy, Line 
Orientation, Picture Naming, and List Recognition. Bonferonni alpha correction was deemed too 
conservative to account for multiple comparisons in this analysis (i.e., 0.05/650, p < 0.0001). 
Instead, alpha was set at p < 0.01, and these findings were interpreted with appropriate caution. 
Correlations significant at p < 0.05 were highlighted in tabulated results to indicate the potential for 
further relationship trends between variables. These are discussed in Appendix T. 
 
                                                          
9
 Although it was suspected that the TMT Form A may have reduced sensitivity in identifying group-wise differences in 
processing speed (discussed in Chapter Seven results), this measure was deemed adequate in the exploration of linear 
relationships. 
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Table 8.2 
Hypothesised Directionality of Correlations between Potential Mediators and Cognitive Neuropsychological Variables  
Potential Mediator 
RBANS 
Immediate 
Memory 
RBANS 
Visuo-
Spatial 
RBANS 
Attentio
n 
RBANS 
Delayed 
Memory 
RBANS 
TOTAL 
RBANS 
List 
Learning 
RBANS 
Story 
Memory 
RBANS 
Digit Span 
RBANS 
Coding 
RBANS 
List 
Recall 
RBANS 
Story 
Recall 
RBANS 
Figure 
Recall 
Age of injury (yrs) + + + + + + + + + + + + 
Injury severity (LOC) (min) - - - - - - - - - - - - 
Injury severity (PTA) (min) - - - - - - - - - - - - 
Time since injury (yrs) ? ? ? ? ? ? ? ? ? ? ? ? 
Age of Illness Onset (yrs) + + + + + + + + + + + + 
Illness Duration (yrs) - - - - - - - - - - - - 
Illness Onset Latency ? ? ? ? ? ? ? ? ? ? ? ? 
Antipsychotic Medication % 
Maximum Dosage 
? ? ? ? ? ? ? ? ? ? ? ? 
PANSS Delusions - - - - - - - - - - - - 
PANSS Positive Scale - - - - - - - - - - - - 
PANSS Negative Scale - - - - - - - - - - - - 
PANSS General Scale - - - - - - - - - - - - 
PANSS Total - - - - - - - - - - - - 
SAPS current hallucination - - - - - - - - - - - - 
SAPS lifetime hallucinations - - - - - - - - - - - - 
SAPS current delusions - - - - - - - - - - - - 
SAPS lifetime delusions - - - - - - - - - - - - 
TLC Total Score - - - - - - - - - - - - 
TLC Global Score - - - - - - - - - - - - 
Processing Speed (TMT A) - - - - - - - - - - - - 
Attention (RBANS Index) + + + + + + + + + + + + 
HADS anxiety - - - - - - - - - - - - 
Premorbid (NART) IQ + + + + + + + + + + + + 
WASI Full Scale IQ + + + + + + + + + + + + 
Total education (yrs) + + + + + + + + + + + + 
           (continued) 
Note. + = positive relationship hypothesised; - = negative relationship hypothesised; ? = relationship uncertain, exploratory correlational analysis.   
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Table 8.2 
Hypothesised Directionality of Correlations between Potential Mediators and Cognitive Neuropsychological Variables (Continued) 
Potential Mediator 
Phono-
logical 
Fluency 
(a) 
Phono-
logical 
Fluency 
Total 
Stroop 
Colour 
Trial 
Strooop 
Word 
Trial 
Stroop 
Inhib-
ition 
Trial 
Stroop 
Switching 
Trial 
Stroop 
Derived 
Inter-
ference 
Stroop 
Derived 
Switching 
Interference 
TMT 
Form 
A 
TMT 
Form 
B 
TMT 
Differ
-ence 
Score 
WASI 
Full 
Scale 
IQ 
WASI 
Matrix 
Reasoning 
WASI 
Vocab
-ulary 
Age of injury (yrs) + + - - - - - - - - - + + + 
Injury severity (LOC)  - - + + + + + + + + + - - - 
Injury severity (PTA)  - - + + + + + + + + + - - - 
Time since injury (yrs) ? ? ? ? ? ? ? ? ? ? ? ? ? ? 
Age of Illness Onset (yrs) + + - - - - - - - - - + + + 
Illness Duration (yrs) - - + + + + + + + + + - - - 
Illness Onset Latency ? ? ? ? ? ? ? ? ? ? ? ? ? ? 
Antipsychotic Medication % 
Maximum Dosage 
? ? ? ? ? ? ? ? ? ? ? ? ? ? 
PANSS Delusions - - + + + + + + + + ? - - - 
PANSS Positive Scale - - + + + + + + + + ? - - - 
PANSS.Negative Scale - - + + + + + + + + ? - - - 
PANSS General Scale - - + + + + + + + + ? - - - 
PANSS Total - - + + + + + + + + ? - - - 
SAPS current hallucination - - + + + + + + + + ? - - - 
SAPS lifetime hallucinations - - + + + + + + + + ? - - - 
SAPS current delusions - - + + + + + + + + + - - - 
SAPS lifetime delusions - - + + + + + + + + + - - - 
TLC Total Score - - + + + + + + + + + - - - 
TLC Global Score - - + + + + + + + + + - - - 
Processing Speed (TMT A) - - + + + + + + + + + - - - 
Attention (RBANS Index) + + - - - - - - - - - + + + 
HADS anxiety - - + + + + + + + + + - - - 
Premorbid (NART) IQ + + - - - - - - - - - + + + 
WASI Full Scale IQ + + - - - - - - - - - + + + 
Total education (yrs) + + - - - - - - - - - + + + 
Note. + = positive relationship hypothesised; - = negative relationship hypothesised; ? = relationship uncertain, exploratory correlational analysis.  
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8.4 Results 
The descriptive statistics for each cohort were presented in Chapters Six 
(injury/illness demographics) and Seven (cognitive neuropsychological task performance). 
The sections following present the results of the correlational analyses for each cohort in turn.  
8.4.1 Healthy cohort. 
Correlation coefficients for the healthy cohort are contained in Table 8.3. The data 
indicated that slower processing speed on the TMT Form A was related to reduced Coding, 
and processing speed, mental inhibition and switching, according to all Stroop trials and the 
TMT Form B. Better Attention was related to better Total RBANS, Digit Span, Coding, and 
mental switching (Stroop only). Increased “premorbid” IQ was associated with better 
phonological fluency (total), and better current IQ (WASI). However, increased current IQ 
was related to better Visuo-spatial processing and Story Recall. 
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Table 8.3 
Correlation Coefficients for Potential Mediators and Cognitive Neuropsychological Variables in Healthy Controls 
Potential Mediator 
RBANS 
Immediate 
Memory 
RBANS 
Visuo-
Spatial 
RBANS 
Attention 
RBANS 
Delayed 
Memory 
RBANS 
TOTAL 
RBANS List 
Learning 
RBANS Story 
Memory 
RBANS 
Digit Span 
RBANS 
Coding 
RBANS 
List Recall 
RBANS 
Story 
Recall 
RBANS 
Figure 
Recall 
Processing Speed (TMT A) -.16 .32 -.37 .18 -.10 -.24 -.03 -.01 -.69*** .15 .01 .17 
Attention (RBANS Index) .36 .06 - .31 .65*** .17 .16 .72*** .56** .33 .22 .12 
HADS anxiety -.17 .28 .06 .01 -.02 -.07 -.33 .16 -.24 -.05 -.26 -.002 
Premorbid (NART) IQ .32 .13 .40 -.03 .30 -.13 .40 .12 .07 -.22 .16 -.13 
WASI Full Scale IQ .43* .59** .32 .25 .38 -.11 .51* .12 -.15 .09 .51** -.09 
Total education (yrs) .14 -.11 .23 .14 .19 -.07 .19 .16 .20 .17 .31 .35 
           (continued) 
*p < .05, **p < .01, ***p < .001   
 
Table 8.3 
Correlation Coefficients for Potential Mediators and Cognitive Neuropsychological Variables in Healthy Controls (Continued) 
Potential Mediator 
Phono-
logical 
Fluency 
(a) 
Phono-
logical 
Fluency 
Total 
Stroop 
Colour 
Trial 
Stroop 
Word 
Trial 
Stroop 
Inhibition 
Trial 
Stroop 
Switching 
Trial 
Stroop 
Derived 
Interference 
Stroop 
Derived 
Switching 
Interference 
TMT 
Form 
A 
TMT 
Form   
B 
TMT 
Difference 
Score 
WASI 
Full 
Scale IQ 
WASI 
Matrix 
Reasoning 
WASI 
Vocab-
ulary 
Processing Speed (TMT A) -.35 -.45* .82*** .80*** .80*** .64*** .72*** .57** - .78*** .14 .14 .10 .06 
Attention (RBANS Index) .31 .24 -.41 -.32 -.51* -.55** -.50* -.55** -.37 -.32 -.07 .32 .12 .12 
HADS anxiety -.13 .03 .19 .25 .20 .22 .18 .21 .20 .30 .31 .22 -.04 .15 
Premorbid (NART) IQ .22 .51** -.24 -.04 -.20 -.30 -.20 -.32 -.27 -.10 .21 .62** .31 .23 
WASI Full Scale IQ .36 .46* .15 .32 .17 -.08 .13 -.13 .14 .29 .22 - .40 .51* 
Total education (yrs) .09 .002 .02 -.04 .11 -.11 .14 -.12 .06 -.01 -.18 .29 -.05 .32 
*p < .05, **p < .01, ***p < .001 
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8.4.2 Traumatic brain injury without psychosis (TBIWP). 
Correlation coefficients for the TBIWP patient cohort are presented in Table 8.4. 
Longer duration (i.e., years) since injury was related to more impaired mental switching on 
the Stroop (switching trial, and derived switching interference). Slower processing speed was 
related to reduced List Recall, but better mental switching on the TMT (Form B), while better 
attention was related to better total performance on the RBANS, and higher Full Scale IQ.  
Increased premorbid IQ correlated with better Immediate Memory and phonological fluency 
(a) word production. However, increased current IQ was related to better Attention, and the 
WASI subscale scores (as would be expected).  
 
 
 291 
Table 8.4 
Correlation Coefficients for Potential Mediators and Cognitive Neuropsychological Variables in TBIWP 
Potential Mediator 
RBANS 
Immediate 
Memory 
RBANS 
Visuo-
Spatial 
RBANS 
Attention 
RBANS 
Delayed 
Memory 
RBANS 
TOTAL 
RBANS 
List 
Learning 
RBANS 
Story 
Memory 
RBANS 
Digit Span 
RBANS 
Coding 
RBANS 
List 
Recall 
RBANS 
Story 
Recall 
RBANS 
Figure 
Recall 
Age of injury (yrs) .07 .42 .50 .30 .36 -.29 -.15 .06 .09 .10 -.16 .15 
Injury severity (LOC) (min) -.21 -.13 .08 -.56 -.28 -.54 -.12 .09 -.25 -.69* -.65* -.52 
Injury severity (PTA) (min) -.67* .39 -.19 -.24 -.30 -.46 -.73* -.44 .09 -.11 -.12 -.60 
Time since injury (yrs) -.23 -.35 -.12 -.59 -.36 -.56 .03 -.20 -.12 -.64* -.65* -.65* 
Processing Speed (TMT A) -.21 -.15 .07 -.38 -.22 -.62 -.26 .10 -.52 -.83** -.51 -.34 
Attention (RBANS Index) .54 .60 - .42 .83** .11 .22 .64* .41 .12 -.15 .57 
HADS anxiety -.14 -.50 -.24 -.61 -.35 -.33 .05 -.12 -.14 -.37 -.44 -.65 
Premorbid (NART) IQ .76** -.28 .42 .16 .46 .29 .68* .69* -.12 -.15 .07 .45 
WASI Full Scale IQ .31 .27 .79** .08 .53 -.02 .15 .37 .51 .12 -.44 .35 
Total education (yrs) .04 .40 .03 .38 .33 .20 .02 -.33 .47 .63* .34 -.10 
           (continued) 
*p < .05, **p < .01, ***p < .001 
 
Table 8.4 
Correlation Coefficients for Potential Mediators and Cognitive Neuropsychological Variables in TBIWP (Continued) 
Potential Mediator 
Phono-
logical 
Fluency 
(a) 
Phono-
logical 
Fluency 
Total 
Stroop 
Colour 
Trial 
Stroop 
Word 
Trial 
Stroop 
Inhibition 
Trial 
Stroop 
Switching 
Trial 
Stroop 
Derived 
Interference 
Stroop 
Derived 
Switching 
Interference 
TMT 
Form 
A 
TMT 
Form 
B 
TMT 
Difference 
Score 
WASI 
Full 
Scale 
IQ 
WASI 
Matrix 
Reasoning 
WASI 
Vocab-
ulary 
Age of injury (yrs) -.18 -.23 .03 -.23 .02 -.29 .05 -.28 -.29 .52 .71* .45 .48 .27 
Injury severity (LOC) (min) -.06 -.07 -.26 .15 .17 .70* .20 .69* .43 -.10 .10 .08 .06 .05 
Injury severity (PTA) (min) -.66* -.36 .54 .50 .31 .12 .29 .10 -.03 -.25 -.30 -.30 -.04 -.41 
Time since injury (yrs) .09 .09 -.23 .25 .44 .78** .47 .77** -.30 -.51 .05 .12 .08 .12 
Processing Speed (TMT A) -.13 -.17 .02 .35 .28 .64* .30 .63 - .86** .39 .12 .05 .18 
Attention (RBANS Index) .44 .37 -.47 -.66* -.60 -.37 -.57 -.35 -.07 .69* .71* .79** .66* .65* 
HADS anxiety .05 .07 .08 .34 .59 .54 .51 .51 -.11 -.19 -.14 .03 -.21 .25 
Premorbid (NART) IQ .76** .53 -.40 -.37 -.33 -.03 -.31 -.02 -.31 .15 .32 .29 -.11 .55 
WASI Full Scale IQ .35 .26 -.47 -.65* -.18 -.20 -.13 -.19 .12 .63 .65 - .83** .85** 
Total education (yrs) -.02 .17 .35 .19 -.04 -.47 -.07 -.49 .59 .39 .01 .04 .05 .06 
*p < .05, **p < .01, ***p < .001,  
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8.4.3 Schizophrenia. 
Correlation coefficients for schizophrenia patients are presented in Table 8.5. In 
schizophrenia, a longer duration of illness was related to reduced performance on Story 
Recall, whereas increased thought disorder was related to reduced Figure Recall. Processing 
speed was related to half of the RBANS scales in schizophrenia; slower processing correlated 
with poorer Attention, Delayed Memory, Coding, Story Recall, Figure Recall, and the Total 
RBANS score. Slower processing speed was also related to reduced phonological fluency 
(both ‘a’ and total trials), and all Stroop measures (except for the word trial), as well as being 
highly positively correlated with the related TMT scales (Form B and difference score, as 
would be expected). Better attention was related to better Digit Span, Coding, Figure Recall, 
Stroop colour, and processing speed and mental switching on the TMT scales.  Finally, better 
premorbid IQ was related to better current Full Scale IQ, while increased current IQ was 
related to better Figure Recall, as well as showing large correlations with the related WASI 
subscales.   
 
 293 
 
 
Table 8.5 
Correlation Coefficients for Potential Mediators and Cognitive Neuropsychological Variables in Schizophrenia 
Potential Mediator 
RBANS 
Immediate 
Memory 
RBANS 
Visuo-
Spatial 
RBANS 
Attention 
RBANS 
Delayed 
Memory 
RBANS 
TOTAL 
RBANS 
List 
Learning 
RBANS 
Story 
Memory 
RBANS 
Digit Span 
RBANS 
Coding 
RBANS 
List 
Recall 
RBANS 
Story 
Recall 
RBANS 
Figure 
Recall 
Age of Illness Onset (yrs) -.10 .39 .25 .38 .30 -.36 .04 .10 .05 -.30 .17 .36 
Illness Duration (yrs) -.09 -.29 -.25 -.12 -.26 -.04 -.46* -.31 -.48* -.11 -.53** -.35 
Antipsychotic Medication % 
Maximum Dosage 
.12 .12 .11 .19 .14 .13 .18 .08 .13 .26 .23 .08 
PANSS Delusions .11 .06 .36 .16 .11 .19 .12 .23 .39 .41* .22 -.08 
PANSS Positive Scale .08 -.15 .15 .09 -.08 .07 .03 .07 .09 .21 .13 -.26 
PANSS.Negative Scale -.20 -.13 .07 -.12 -.18 -.18 -.08 -.01 .08 .10 .01 -.33 
PANSS General Scale -.18 -.23 .01 -.18 -.27 -.08 -.19 -.03 .03 .07 -.15 -.38 
PANSS Total -.11 -.22 .10 -.09 -.23 -.07 -.10 .02 .08 .16 -.01 -.41* 
SAPS current hallucination .04 -.33 -.04 .03 -.13 .03 .07 .001 .02 .10 .27 -.30 
SAPS lifetime hallucinations .11 -.20 -.08 .10 .04 .16 .10 -.06 .13 .20 .31 -.15 
SAPS current delusions .13 .02 .25 .08 .02 .20 .12 .22 .20 .40 .16 -.14 
SAPS lifetime delusions .13 .04 .09 .16 .07 .24 .16 .03 .24 .36 .12 -.01 
TLC Total Score -.10 -.25 -.28 -.15 -.35 -.19 -.13 -.24 -.38 -.03 -.15 -.56** 
TLC Global Score .02 .12 .08 .04 -.22 .18 -.003 .02 .25 .25 .02 .01 
Processing Speed (TMT A) -.37 -.52* -.71*** -.56** -.76*** -.28 -.43* -.44* -.70*** -.40 -.66*** -.56** 
Attention (RBANS Index) -.12 .31 - .35 .52 -.15 .02 .74*** .56*** .13 .23 .55** 
HADS anxiety .14 -.20 -.13 -.27 .04 .24 -.08 -.12 .10 -.22 -.29 -.05 
Premorbid (NART) IQ .15 .26 .20 .14 .28 -.10 .41* .31 -.05 -.13 .33 .26 
WASI Full Scale IQ .27 .54** .36 .26 .44* .18 .42* .28 .38 -.03 .35 .58** 
Total education (yrs) -.03 -.02 -.14 .31 .04 .06 .06 -.18 .11 .22 .05 .04 
           (continued) 
 
*p < .05, **p < .01, ***p < .001  
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Table 8.5 
Correlation Coefficients for Potential Mediators and Cognitive Neuropsychological Variables in Schizophrenia (Continued) 
Potential Mediator 
Phono-
logical 
Fluency 
(a) 
Phono-
logical 
Fluency 
Total 
Stroop 
Colour 
Trial 
Stroop 
Word 
Trial 
Stroop 
Inhib-
ition 
Trial 
Stroop 
Switching 
Trial 
Stroop 
Derived 
Inter-
ference 
Stroop 
Derived 
Switching 
Interference 
TMT 
Form A 
TMT 
Form B 
TMT 
Difference 
Score 
WASI 
Full  
Scale 
IQ 
WASI 
Matrix 
Reason-
ing 
WASI 
Vocab-
ulary 
Age of Illness Onset (yrs) .18 .21 .15 .28 -.03 .31 .19 .48* -.13 -.23 -.26 .45* .45* .40 
Illness Duration (yrs) -.33 -.33 .38 .24 .43* .29 .34 .18 .38 .50* .51* -.41* -.34 -.49* 
Antipsychotic Medication % 
Maximum Dosage 
.08 .13 -.03 -.18 -.11 -.30 -.17 -.36 -.25 -.25 -.21 -.25 -.05 -.18 
PANSS Delusions .17 .25 -.12 -.20 -.003 -.16 .04 -.10 -.32 -.16 -.002 .20 .15 .22 
PANSS Positive Scale -.02 .08 .11 .03 .10 .01 .11 .03 -.16 .15 .02 -.02 .03 -.08 
PANSS.Negative Scale -.06 -.001 -.12 -.01 -.13 -.02 -.19 -.08 -.11 -.15 -.13 -.15 -.24 -.04 
PANSS General Scale -.12 -.13 -.03 .07 .10 .02 .06 -.01 -.06 .05 .15 -.05 -.09 -.01 
PANSS Total -.09 -.03 -.01 .04 .04 .01 .01 -.02 -.14 -.02 .09 -.09 -.11 -.05 
SAPS current hallucination .23 .25 .02 .08 -.05 -.13 -.07 -.15 -.23 -.06 .06 -.25 -.23 -.21 
SAPS lifetime hallucinations .51* .44* -.30 -.23 -.41 -.43 -.40 -.41 -.32 -.22 -.13 -.33 -.27 -.26 
SAPS current delusions .04 .09 .03 -.07 .20 .03 .16 -.003 -.17 -.01 .14 .14 .10 .17 
SAPS lifetime delusions .05 .04 -.02 -.14 -.05 -.34 .001 -.27 -.18 -.17 -.12 .02 .22 -.02 
TLC Total Score -.29 -.22 .33 .23 .18 .24 .20 .26 .24 .29 .31 -.32 -.17 -.37 
TLC Global Score -.22 -.12 .27 .23 .40 .16 .36 .11 .16 .20 .22 .38 .39 .18 
Processing Speed (TMT A) -.59** -.65*** .62** .45* .65*** .60** .67*** .60** - .90*** .72*** -.28 -.23 -.40 
Attention (RBANS Index) .23 .30 -.52** -.42 -.45* -.44* -.37 -.33 -.71*** -.66*** -.56** .36 .25 .47* 
HADS anxiety -.05 -.11 -.20 -.29 -.10 -.13 -.11 -.15 -.001 -.01 .01 -.26 -.22 -.16 
Premorbid IQ .03 .02 .02 .01 -.13 .03 -.04 .12 -.18 -.22 -.20 .51** .46* .47* 
WASI Full Scale IQ .09 .13 -.03 .10 .04 .04 .12 .13 -.28 -.29 -.24 - .83*** .88*** 
Total education (yrs) .34 .31 .07 .14 .05 -.20 .26 .08 .08 .05 .07 .02 .06 .02 
*p < .05, **p < .01, ***p < .001
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8.4.4 Psychosis following traumatic brain injury (PFTBI). 
Correlation coefficients for the PFTBI patients are contained in Table 8.6. Greater 
injury severity as defined by duration of LOC was related to reduced Story Memory and 
Story Recall performance. However, greater injury severity as defined by duration of PTA 
was related to reduced Story Memory, Coding, List Recall, Story Recall, and mental 
switching on the Stroop (both the switching and derived switching scores). Psychotic 
symptoms demonstrated no relationships with measures of cognitive neuropsychological 
performance once the conservative alpha was applied (p < .05).  Slower processing was 
related to poorer Story Memory, Coding, List Recall, Story Recall, Stroop word and 
inhibition trials, and mental switching (Stroop switching and derived switching). The TMT 
Form A score was also highly correlated with Form B scores as would be expected, but not 
with the TMT difference score.  Better attention was related to better Digit Span, Coding, 
phonological fluency (both subtest ‘a’ and total), processing speed, and mental inhibition and 
switching (according to all Stroop measures and Form A and B of the TMT). Interestingly, 
higher scores on the HADS anxiety scale (i.e., greater anxiety) were related to higher current 
IQ (Full Scale and Matrix Reasoning subscale). Greater premorbid IQ was related to the 
greatest number of measures in the PFTBI cohort, including; better Attention, Digit Span, 
Coding, and the RBANS Total, as well as better performance on both phonological fluency 
measures, and all Stroop and TMT measures of processing speed, mental inhibition and 
switching (except for the TMT difference score). However, current IQ correlated highly with 
the visuo-spatial IQ subscale only (i.e., Matrix Reasoning).  
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Table 8.6 
Correlation Coefficients for Potential Mediators and Cognitive Neuropsychological Variables in PFTBI 
Potential Mediator 
RBANS 
Immediate 
Memory 
RBANS 
Visuo-
Spatial 
RBANS 
Attention 
RBANS 
Delayed 
Memory 
RBANS 
TOTAL 
RBANS 
List 
Learning 
RBANS 
Story 
Memory 
RBANS 
Digit Span 
RBANS 
Coding 
RBANS 
List Recall 
RBANS 
Story Recall 
RBANS 
Figure 
Recall 
Age of injury (yrs) -.26 -.08 -.43 -.19 .16 -.34 -.29 -.32 -.46 -.10 -.36 -.37 
Injury severity (LOC) (min) -.56 -.43 -.48 -.47 -.50 -.51 -.77** -.48 -.64* -.57 -.89*** -.57 
Injury severity (PTA) (min) -.72* -.57 -.59 -.62 -.65* -.66* -.80** -.51 -.75** -.75** -.83** -.66* 
Time since injury (yrs) -.11 .07 .04 .05 -.12 -.23 -.43 -.37 -.15 -.24 -.48 -.21 
Age of Illness Onset (yrs) -.11 -.19 -.19 .16 -.06 -.13 -.32 -.30 -.32 .10 -.19 .18 
Illness Onset Latency (mths) .10 -.12 .17 .30 .05 .15 -.10 -.01 .06 .19 -.14 .10 
Illness Duration (yrs) -.19 .14 -.04 -.08 .06 -.36 -.48 -.44 -.21 -.38 -.31 -.18 
Antipsychotic Medication % 
Maximum Dosage 
.31 .19 .46 .04 .28 .38 .01 .55 .41 .24 .16 .17 
PANSS Delusions .26 .12 .22 .45 .33 .12 .30 .12 .15 .38 .42 .21 
PANSS Positive Scale .30 .11 .11 .45 .29 .19 .37 .001 .12 .35 .54 .16 
PANSS Negative Scale .53 .69* .23 .51 .49 .42 .39 -.06 .26 .04 .38 .42 
PANSS General Scale .27 .24 .09 .49 .18 .14 .31 -.10 .03 .19 .42 .41 
PANSS Total .37 .29 .14 .55 .25 .23 .40 -.06 .12 .28 .52 .54 
SAPS current hallucination .18 -.10 .10 .33 -.11 .15 .10 -.05 .05 .30 .11 .42 
SAPS lifetime hallucinations .52 .27 .40 .52 .27 .55 .25 .23 .40 .64* .08 .50 
SAPS current delusions .09 -.14 -.02 .32 .13 -.01 .17 -.01 -.09 .33 .33 .31 
SAPS lifetime delusions -.10 -.17 -.33 -.13 .19 -.10 -.02 -.06 -.27 -.07 .05 -.08 
TLC Total Score -.08 .001 .10 .10 -.42 -.24 .06 -.11 -.01 .02 .22 .20 
TLC Global Score -.16 -.01 -.11 -.002 -.46 -.35 .04 -.27 -.18 -.09 .18 .14 
Processing Speed (TMT A) -.70* -.50 -.69* -.62 -.62 -.66* -.76** -.65* -.79** -.80** -.83** -.63* 
Attention (RBANS Index) .61 .50 - .41 .31 .63* .38 .82** .95*** .50 .49 .43 
HADS anxiety .27 .43 .36 .40 .47 .06 .20 .13 .23 .40 .25 .22 
Premorbid (NART) IQ .65* .54 .92*** .44 .77** .67* .47 .80** .88*** .48 .53 .29 
WASI Full Scale IQ .39 .60 .40 .43 .56 .25 .22 .15 .28 .19 .26 .20 
Total education (yrs) .34 .43 .25 .45 .24 .17 .06 -.03 .11 .32 .05 .30 
           (continued) 
*p < .05, **p < .01, *** p < .001   
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Table 8.6 
Correlation Coefficients for Potential Mediators and Cognitive Neuropsychological Variables in PFTBI (Continued) 
Potential Mediator 
Phono-
logical 
Fluency 
(a) 
Phono-
logical 
Fluency 
Total 
Stroop 
Colour 
Trial 
Stroop 
Word 
Trial 
Stroop 
Inhib-
ition 
Trial 
Stroop 
Switching 
Trial 
Stroop 
Derived 
Inter-
ference 
Stroop 
Derived 
Switching 
Interference 
TMT 
Form A 
TMT 
Form B 
TMT 
Difference 
Score 
WASI 
Full   
Scale 
IQ 
WASI 
Matrix 
Reason-
ing 
WASI 
Vocab
-ulary 
Age of injury (yrs) -.26 -.29 .49 .19 .58 .44 .60 .46 .28 .47 .59 -.11 .21 -.33 
Injury severity (LOC) (min) -.56 -.50 .59 .68* .66* .72* .64* .71* .62 .70* .62 -.11 .01 -.34 
Injury severity (PTA) (min) -.51 -.52 .66* .73* .63* .80** .60 .79** .73* .72* .44 -.12 .01 -.44 
Time since injury (yrs) -.11 -.13 .19 .12 .28 .09 .28 .08 .24 .36 .49 .34 .28 .02 
Age of Illness Onset (yrs) -.40 -.43 .46 .31 .48 .27 .48 .25 .06 .35 .70* .11 .24 .09 
Illness Onset Latency (mths) -.17 -.17 .05 .14 .01 -.09 -.01 -.13 -.18 -.03 .22 .19 -.17 .06 
Illness Duration (yrs) -.04 -.05 .20 .06 .34 .15 .35 .15 .38 .45 .48 .32 .31 -.14 
Antipsychotic Medication % 
Maximum Dosage 
.37 .66* -.55 -.51 -.37 -.33 -.33 -.29 -.31 -.30 -.13 -.09 -.06 .17 
PANSS Delusions .53 .56 -.18 -.54 -.43 -.39 -.42 -.39 -.28 -.44 -.49 .39 .41 .61 
PANSS Positive Scale .35 .53 -.26 -.39 -.43 -.35 -.43 -.34 -.12 -.40 -.57 .16 .16 .58 
PANSS.Negative Scale .29 .16 -.27 -.30 -.54 -.38 -.57 -.39 -.04 -.32 -.54 .71* .16 .60 
PANSS General Scale .34 .21 .03 -.25 -.43 -.25 -.46 -.27 -.12 -.39 -.57 .69* .21 .64* 
PANSS Total .39 .39 -.16 -.37 -.52 -.36 -.54 -.37 -.13 -.45 -.66* .54 .39 .50 
SAPS current hallucination .02 .33 -.16 -.08 -.20 -.17 -.20 -.17 -.05 -.22 -.22 -.04 -.11 .53 
SAPS lifetime hallucinations -.01 -.25 -.28 -.20 -.23 -.34 -.23 -.35 -.45 -.38 .09 .08 -.25 .59. 
SAPS current delusions .27 .38 -.002 -.29 -.19 -.15 -.18 -.14 -.12 -.25 -.31 .11 .23 .49 
SAPS lifetime delusions -.06 .07 .03 -.01 .11 .18 .13 .21 .23 .17 -.05 -.33 .06 -.21 
TLC Total Score .44 .40 .07 -.25 -.24 -.14 -.25 -.15 -.02 .28 -.45 .43 .31 .44 
TLC Global Score .34 .33 .19 -.14 -.13 .03 -.14 .03 .18 -.16 -.46 .34 .30 .32 
Processing Speed (TMT A) -.68* -.61 .63* .80** .73** .82** .71* .82** - .86*** .39 -.34 -.16 -.62 
Attention (RBANS Index) .79** .78** -.84** -.88*** -.80** -.89** -.77** -.88*** -.84** -.76** -.40 .40 .11 .48 
HADS anxiety .62 .48 .01 -.62 -.27 -.35 -.25 -.35 -.41 -.41 -.15 .74** .75** .57 
Premorbid (NART) IQ .84** .82** -.79** -.87*** -.94*** -.85** -.92*** -.84** -.79** -.88** -.67* .54 .28 .63* 
WASI Full Scale IQ .56 .31 -.05 -.49 -.47 -.35 -.49 -.36 -.34 -.45 -.36 - .92*** .60 
Total education (yrs) .37 .43 -.01 -.42 -.23 -.22 -.22 -.22 -.18 -.27 -.08 .67* .71* .64* 
*p < .05, **p < .01, *** p < .001  
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8.4.5 Summary of statistically significant relationships. 
To help summarise the data and aid comparisons across cohorts, mediating variables 
that demonstrated relationships with cognitive neuropsychological performance in more than 
one cohort have been tallied and presented graphically in Figures 8.1 to 8.4.  Overall, 
executive function (i.e., processing speed and attention) demonstrated the greatest number of 
relationships with cognitive neuropsychological task performance (Figures 8.1 and 8.2). For 
the healthy cohort, these were shown mostly on tasks where performance was timed, and thus 
there was an emphasis on speed. However, patient performance, especially from the psychotic 
cohorts, appeared to be more widely influenced by executive function; relationships were 
identified with processing speed on more than 50% of tasks for schizophrenia patients, whereas 
this was similar for attention in PFTBI (i.e., 46.15%). Yet, the greatest influence over PFTBI 
neurocognitive performance appeared to be premorbid IQ, where relationships were identified 
with 53.85% of measures. Interestingly, this was unique to PFTBI, with the comparison 
cohorts showing very few relationships with premorbid IQ (Figure 8.3). By contrast, current 
IQ demonstrated a small number of relationships for all cohorts, with the smallest number 
shown by PFTBI patients (3.85%), and the greatest number shown by schizophrenia patients 
on 15.38% of tasks (Figure 8.4).  
Injury variables appeared to be less influential over task performance from TBIWP, 
relative to PFTBI, patients. However, this was not demonstrated for the illness/clinical 
variables, with only two relationships shown following the application of alpha correction, and 
these were specific to the schizophrenia cohort; longer duration of illness and increased 
thought disorder were associated with aspects of delayed memory (reduced Story Recall and 
Figure Recall, respectively). However, it is noted that a number of relationships were 
demonstrated for both illness demographics and symptom profiles at trend level (p <.05), and 
these were shown for both psychotic cohorts (see Appendix T). Finally, the PFTBI cohort 
demonstrated the greatest number of relationships relative to any other cohort overall (even 
when this tally was confined to demographic variables relevant to all four cohorts), and the 
largest coefficients, with the majority between r= .70 and r = .90.   
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Figure 8.1. Percentage of significant correlations between cognitive neuropsychological tasks and 
processing speed (TMT Form A) for each cohort. 
  
Figure 8.2. Percentage of significant correlations between cognitive neuropsychological tasks and 
attention (RBANS subscale) for each cohort. 
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Figure 8.3. Percentage of significant correlations between cognitive neuropsychological tasks and 
premorbid (NART) IQ for each cohort. 
 
 
  
Figure 8.4. Percentage of significant correlations between cognitive neuropsychological tasks and 
current (WASI) IQ for each cohort. 
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8.5 Discussion 
This chapter aimed to explore the relationships between potential mediators (i.e., injury, 
illness, and executive function variables) and the cognitive neuropsychological task 
performance from each of the four cohorts. It was hoped that the identification of significant 
correlations between these variables would provide an indication of their influence over the 
task performance reported for each cohort in the previous chapter (Chapter Seven). These 
analyses were completed in lieu of ANCOVA in Chapter Seven, given the statistical 
inappropriateness of this test with the current dataset. 
Overwhelmingly, the executive functions (processing speed and attention), 
demonstrated the greatest number of relationships with neurocognitive task performance, and 
these were also the greatest in strength.  These relationships were in the hypothesised 
direction for each of the cohorts, where faster processing speed and better attention were 
related to better performance on all tasks. Interestingly, the executive functions appeared to 
have more of an influence as neurocognition became more impaired across the groups, the 
result being that processing speed and attention exerted the greatest influence over 
performance from the psychotic cohorts (i.e., on 84.62% and 80.77% of measures from the 
schizophrenia and PFTBI cohorts, respectively).   
Injury variables demonstrated relatively few relationships with performance. This result 
was unexpected given the extensive TBI literature that has highlighted the mediating 
influence of injury-specific demographics on neurocognition (e.g., Leblanc et al., 2006; 
Moran & Gillon, 2004; Sullivan & Riccio, 2010). However, as discussed in Chapter Five 
(Section 5.1.7), although the existing literature has commented on these influences, a clear 
picture of their relationship with neurocognition has not been established.  For the PFTBI 
cohort, the greatest influence appeared to be injury severity, measured by both the duration of 
LOC, and of PTA. These were aligned with hypotheses, where greater injury severity was 
related to poorer performance. Interestingly, these relationships were isolated to PFTBI 
performance, despite the TBI groups having been matched on injury severity. Although, at 
least in part, this is probably reflective of the greater range of LOC and PTA in the PFTBI 
cohort (see Chapter Six).   
Furthermore, the duration between their injury and assessment was the only injury 
variable that influenced TBIWP performance, not shown in PFTBI. This is a noted outcome 
because it was one of the few demographics for which the TBI cohorts were unmatched. 
Relative to PFTBI, the TBIWP patients had acquired their injury closer to the time of 
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assessment (see Chapter Six). As such, this is aligned with findings that cognitive function 
generally shows the most transient over the first two years post injury, with more stable 
impairments being typical after this time (Schretlen & Shapiro, 2003). Still, this interpretation 
is offered with due consideration given that a relationship was only shown for two of 26 
measures.  Moreover, no relationships were demonstrated between the age of injury 
acquisition and neuropsychological performance for either TBI group.  This was suprising, 
especially in the PFTBI sample where four patients had acquired their injury during 
childhood/adolescence. It has been reported that childhood TBI may leave the child at greater 
risk because damage disrupts the developing brain (Beauchamp et al., 2011a). On the other 
hand, increased neuroplasticity in children may allow for neurocognitive recovery, offering 
one possible explanation for the absence of relationships in this dataset.   
Illness demographics, including symptom profile, demonstrated very little relationship 
with task performance.  However, although relationships were hypothesised to be greater in 
number in accordance with suggestions made in the literature (e.g., Henry & Crawford, 2005; 
Rossell, 2006; Rossell et al., 1999), no particular characteristic of illness has been 
consistently identified as influential across studies. The duration of illness was related to 
neurocognition in the hypothesised direction; that is, a longer duration of illness was related 
to poorer performance. Yet, this was demonstrated only in schizophrenia, with illness 
duration appearing to have no influence over performance for the PFTBI patients. Again, 
although the psychotic cohorts were matched on illness duration, these results probably 
reflect the greater range from the schizophrenia cohort. Similarly, thought disorder related 
only to reduced Figure Recall in the schizophrenia cohort. This aligns with literature 
highlighting the influence of thought disorder on memory systems (e.g., in semantic memory, 
Gouzoulis-Mayfrank et al., 2003), and with hypotheses. Yet, a greater number of 
relationships were expected, especially from the schizophrenia cohort who had a mean 
thought disorder score in the ‘severe’ range. Low (mild) scores of thought disorder from the 
PFTBI cohort possibly explain the absence of relationships from this group.  
Greater antipsychotic dosage did not demonstrate a relationship with task outcome. It is 
imperative to note that this does not reflect that medication in the schizophrenia and PFTBI 
cohorts was unrelated to neurocognitive task performance, but that differences in the 
maximum dosage (once again matched across cohorts) was not especially associated with 
performance. Furthermore, as reflected by the exploratory hypothesis, the specific effects of 
antipsychotics on neurocognition are unclear. On one hand, larger doses may effectively 
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reduce positive symptoms and thereby indirectly improve cognition, yet, on the other hand, 
larger doses may be associated with greater side effects, including decreased processing 
speeds and attention. This dual effect on cognitive neuropsychological performance has 
already been illustrated for Clozapine (Pallanti, Quercioli, & Pazzagli, 1999; Rajji et al., 
2010), and would be further variable from patient to patient. Thus, the absence of 
relationships here is not surprising.  
In PFTBI patients, greater anxiety as measured by the HADS anxiety scale was related 
to higher IQ. While anxiety was predicted to reduce cognitive neuropsychological 
performance, as has been demonstrated by the literature (Byrne & Eysenck, 1995; Castaneda 
et al., 2008; O’Toole & Pedersen, 2011; Rinck et al., 2003), there were no other relationships 
identified with scores on the HADS anxiety scale. However, there is evidence for a link 
between higher IQ and anxiety in patients with generalised anxiety disorder (GAD), which 
has been associated with the depletion of choline and related compounds in subcortical white 
matter in these patients (Coplan et al., 2011). It stands to reason that brain tissue choline 
levels in PFTBI may also be mediating the relationship between anxiety and IQ, especially 
given that; (i) PFTBI patients showed the greatest degree of anxiety on the HADS (albeit not 
significantly so), (ii) choline tissue levels and have been linked to TBI as an early marker of 
trauma (Scremin, Li, Roch, Booth, & Jenden, 2006), and (iii) choline treatment has 
demonstrated efficacy in enhancing recovery post TBI (Guseva, Hopkins, Scheff, & Pauly, 
2008; Scremin et al., 2006), including measurable improvements in neurocognition 
(Calatayud Maldonado, Calatayud Perez, & Aso Escario, 1991; Guseva et al., 2008). On the 
other hand, this relationship was not shown in the TBIWP cohort. However, TBIWP patients 
also demonstrated the lowest level of anxiety as measured by the HADS, which may account 
for this result. 
Interestingly, premorbid IQ correlated with current IQ in all but the TBI cohorts. 
Given the relatively poor performance from the TBIWP cohort on both on the NART 
(premorbid IQ) and the verbal scale of the WASI (Chapter Seven), TBIWP would be 
predicted to show the strongest relationship here.  Similarly, as already noted, relative to any 
other potential mediator, premorbid IQ exerted the most influence over neuropsychological 
performance from the PFTBI patients (see Figure 8.3), with current IQ being one of the only 
exceptions (although, a relationship was shown at trend level).  Thus, in this case, the smaller 
sample sizes of the TBI cohorts may have caused this relationship to go undetected. Still, the 
number of relationships demonstrated between premorbid IQ and the PFTBI data suggests 
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that intelligence prior to injury, and subsequent illness, is particularly influential over the 
cognitive neuropsychological profile post diagnosis. Thus, the potential for a predictive 
relationship is highlighted, similar to the one demonstrated in other syndromes (e.g., Brill et 
al., 2009).   
Conversely, current Full Scale IQ (WASI) illustrated minimal influence over 
neurocognition, ranging from 3.85% to 15.38% (see Figure 8.4).  This was inconsistent with 
hypotheses, given existing work that has shown the link between intelligence and 
neurocognition, especially in schizophrenia (Knowles et al., 2010; Lincoln et al., 2010). As 
discussed in Chapter Three, however, evidence has accrued more recently to suggest the 
autonomy of IQ and neurocognition (Badcock et al., 2005; Wilk et al., 2005), and these data 
may offer further support for this hypothesis, both in schizophrenia and other cohorts.  
Given that the pattern of neuropsychological deficits in PFTBI suggest that the 
psychotic aspects of their illness are driving the majority of deficits, it is surprising that 
neurocognitive performance was not related to the latency of symptom onset in this group. 
This was further expected due to the range of onset latency demonstrated by the group; from 
two months to 12 years (with a mean of approximately 4.97 years).  It is also likely that some 
of the injury localisation data unable to be investigated in these analyses had some influence 
on the neurocognitive results from the TBI cohorts. The literature is often specific about 
certain injury demographics and resultant effects, for example, where visual Gestalt 
processing is reduced in patients with right hemispheric lesions relative to those with left-
sided lesions (Delis et al., 1986; Robertson & Lamb, 1991). Ideally, much larger cohorts 
separating the TBI and PFTBI samples into subgroups specific to locus of injury should be 
investigated in group-wise analyses.   
 These data have demonstrated that selected injury and illness-related factors are 
associated with neurocognition. It is likely that these behave as mediators of poor 
performance given the prior literature in TBI and schizophrenia. However, it is noted that a 
number of relationships, or absence of relationships, remain unexplained here. Due to small 
sample sizes, limited statistical correction was able to be applied for multiple comparisons. 
This is a substantial limitation of this analysis, and means that it is highly likely that some of 
these findings are spurious. As such, the relationships demonstrated here are acknowledged 
cautiously, and further investigation of these potential mediators is considered vital. 
Moreover, although the greater number of relationships identified in the psychotic cohorts 
suggests that certain mediators may be more influential where neurocognition is more 
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impaired, it is likely that some of the stronger relationships (i.e., larger coefficients) shown 
for the PFTBI cohort reflect the larger range of this group on particular variables.  Thus, the 
larger coefficients demonstrated for this group should not necessarily be taken as an 
indication of the greater influence of these variables. Larger group sizes are required to 
determine the representativeness of this sample, and thereby the accuracy of these findings. 
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Chapter 9: Discriminant Function Analysis:                                                                  
Prediction of PFTBI from Neuropsychological Profile 
9.1 Introduction 
Discriminant function analysis (DFA) was conducted to determine whether 
performance on the cognitive neuropsychological battery could correctly classify PFTBI 
group membership, as distinct from healthy, TBIWP, and schizophrenia control cohorts. The 
discriminant model was then cross-validated to investigate how well the classification 
procedure may correctly predict cognitive neuropsychological scores in a new sample.  
9.2 Hypotheses 
Group distinctions according to neuropsychological profile were expected to be 
shown by DFA. At a minimum, these were expected to distinguish between the PFTBI and 
healthy cohorts, following their anticipated performance as the poorest, and best, scorers 
respectively. Thus, a distinction was expected between the hypothesised opposite ends of the 
neuropsychological performance spectrum. No further hypotheses were made beyond this.  
9.3 Method 
9.3.1 Participants. 
The participant cohorts were detailed in Chapter Six. It is noted that the schizophrenia 
cohort was reduced in size on the Stroop task (n =22) (see Chapter Six for details). 
9.3.2 Experimental measures and procedure. 
All variables from the cognitive neuropsychological battery were considered for DFA 
analysis. Measures were excluded as predictor variables where; (i) no group differences were 
shown by group-wise comparisons detailed in Chapter Seven, (ii) one variable contributed to 
another; in this case, the total score was taken except where these represented derived scores. 
For example, the TMT difference and ratio scores were omitted in favour of TMT Trial A 
and TMT Trial B. Remaining variables were only included in analysis if they complied with 
the normality assumption (according to skewness and kurtosis coefficients where non-normal 
distributions are defined by coefficients exceeding 2 x +/- the standard error; Groeveveld & 
Meeden, 1984). This left the RBANS Total index score and the Stroop Colour trial score. 
These were not too highly correlated (r = -.48, p <.001) and thus deemed appropriate for 
DFA analysis (Chan, 2005). Statistical analyses were conducted using IBM® SPSS® 
software, Version 19 (IBM Corporation, New York, USA).  Data cleaning results, including 
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assessments of normality for all cognitive neuropsychological variables were detailed in 
Chapter Seven. 
9.4 Results 
9.4.1 Discriminant function. 
The descriptive statistics for the RBANS total and Stroop Colour trial were detailed in 
Chapter Seven, however, these are restated in Table 9.1 for convenience. The linear 
combination of predictors significantly differentiated the four cohorts; Wilks’s Λ = .49, χ² (6, 
N = 65
9
) = 43.42, p < .001. An eigenvalue of .95 indicated that 95.2% of the variance was 
explained by the discriminant function. The function showed a large positive coefficient 
(both standardised function and structure [within-group] coefficients) with the RBANS Total 
index score alongside a negative coefficient with Stroop Colour trial performance (see Table 
9.2). This indicates a linear discriminant function capturing general neurocognition, where 
higher scores on the RBANS Total index (better performance on immediate and delayed 
memory, visuo-spatial, language, and attention tasks), were associated with lower scores on 
the Stroop Colour trial (reduced and superior processing speed).  This interpretation was 
consistent with the descriptive and inferential statistics for these variables already discussed 
at length (Section 7.5 Results), and with the discriminant function group means. Group 
centroids for the discriminant function showed that healthy controls were the highest 
performers, followed by TBIWP, schizophrenia, and finally PFTBI patients who show the 
poorest performance; discriminant function group means 1.00, .39, -.46, and -1.68, 
respectively (see Figure 9.1).  
 
Table 9.1 
Mean (SD) Performance on the RBANS Total and Stroop Colour Trial by Cohort 
Measure 
HC 
(n = 23) 
TBIWP 
(n = 10) 
SCZ 
(n = 23)* 
PFTBI 
(n = 10) 
RBANS Total 110.57 (10.79) 100.80 (13.11) 88.52 (16.56) 74.90 (16.84) 
Stroop Colour Trial 25.52 (4.95) 28.10 (5.02) 34.45 (9.44) 48.10 (22.22) 
*n=22 for Stroop Colour trial due to colour blindness in one patient. 
  
                                                          
9
 As per the MANOVA analyses n = 22 for the schizophrenia group Stroop task data, this case was thus 
excluded from all discriminant function combinations. 
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Table 9.2 
Standardised Canonical and Correlation Coefficients of Predictor Variables with the Discriminant 
Function 
 Standardized Canonical Coefficients Within-group Correlation Coefficients 
RBANS Total .76 .94* 
Stroop Colour -.38 -.74* 
*largest absolute correlation between each variable and any discriminant function 
 
9.4.2 Group classification.  
Table 9.3 provides the group classification results. The discriminant function correctly 
classified 52.3% of individuals in the sample; 69.6% of healthy controls, 40% of TBIWP, 
40.9% of patients with schizophrenia, and 50% of the dual-diagnosis (PFTBI) group. 
Misclassified healthy control cases were predominantly (i.e., 26.1%) mistaken for TBIWP 
patients; and this was similarly shown for misclassified TBIWP cases, where 30% were 
mistaken for healthy group membership. Interestingly, no TBIWP cases were misclassified as 
PFTBI cases. Likewise, misclassified schizophrenia cases were predominantly mistaken for 
dual-diagnosis PFTBI cases (27.3%), and PFTBI cases were predominantly (40%) mistaken 
for schizophrenia cases, with only 10% (n = 1) mistakenly allocated to TBIWP group 
membership. Importantly, no healthy cases were mistaken for PFTBI membership and no 
PFTBI cases were mistaken for healthy membership. The kappa coefficient was computed 
and ruled out chance agreement; coefficient greater than zero, κ = .35, p < .001. Finally, the 
leave-one-out technique was employed for cross validation, and indicated that the 
classification procedure would correctly classify 47.7 % of the cases in a new sample. 
 
Table 9.3 
Classification Matrix Based on the Neuropsychological Linear Discriminant Function  
  Predicted Group Membership 
Cohort % Correct 
Healthy 
Control 
TBIWP Schizophrenia PFTBI 
Healthy Control 69.6% 16 6 1 0 
TBIWP 40.0% 3 4 3 0 
Schizophrenia 40.9% 3 4 9 6 
PFTBI 50.0% 0 1 4 5 
Total 52.3% 22 15 17 11 
 
9.5 Discussion 
 Discriminant function analysis (DFA) was completed to investigate whether 
PFTBI group membership could be determined by cognitive neuropsychological profile, as 
distinct from healthy, TBIWP, and schizophrenia control cohorts.  The significant 
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Figure 9.1. Group centroids on two discriminant functions derived from RBANS Total 
(neurocognition) and Stroop Colour trial (processing speed) scores. Discriminant function one was 
significant. Group centroids (x-axis) illustrate the superior performance of healthy controls, followed 
by TBIWP, schizophrenia, and finally PFTBI according to the linear combination of neurocognition 
and processing speed. 
 
discriminant function explained 95.2% of the variance from the total sample, and 
demonstrated an inverse relationship between total scores on the RBANS and scores on the 
Stroop colour trial. That is, superior general neurocognition (including immediate and 
delayed memory, visuo-spatial, language, and attention) accompanied faster processing 
speed. This pattern was true for all four cohorts and appears appropriate given that it is (i) 
consistent with the descriptive and group-wise results on these measures (detailed in Chapter 
Seven), and (ii) theoretically plausible that faster processing speeds are associated with 
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superior neurocognition.  The group centroids for the discriminant function also reflected the 
pattern of poor performance demonstrated by the existing group-wise comparison data 
(Chapter Seven); the best performance was shown by the healthy cohort, followed by 
TBIWP, schizophrenia, and finally PFTBI. As such, healthy and PFTBI cohorts represented 
opposite, and significantly distinct, extremes of the performance spectrum as hypothesised.   
 Nonetheless, correct classification by the discriminant function was just above chance 
for the entire sample (52.3%), with the greatest rates of incorrect classifications shown for 
patients from the TBIWP and schizophrenia cohorts (40% and 40.9% respectively). Given 
that these groups were designed to represent TBI and psychosis counterparts of the PFTBI 
patients, and thus, share comparable neuropsychological deficits to some degree, these 
misclassifications are reasonable. Patients with TBIWP were misclassified as both healthy 
and schizophrenia participants, whereas patients with schizophrenia were misclassified as 
belonging to all three alternative cohorts. In both cases, this at least partially reflects the 
heterogeneity in neuropsychological profile according to severity of injury in TBI (e.g., Haut 
et al., 1991a; Perlstein et al., 2006; Seignourel et al., 2005), and the typical heterogeneity 
already established in schizophrenia (e.g., Passerieux et al., 1997).  
The pattern of misclassifications of the TBIWP patients, however, is probably driven 
by an additional bias in the TBIWP sample.  In particular, the three patients misclassified as 
healthy cases suggests cognitive neuropsychological ability that is inconsistent with the 
existing literature reporting substantial deficits post TBI in both neurocognition (Kave et al., 
2011; McKenna et al., 2006; Oddy et al., 1985; Perri et al., 2000; Zino & Ponsford, 2006) and 
processing speed (Ben-David et al., 2011; Ponsford et al., 2008; Rios et al., 2004; Spikman et 
al., 2004).  Despite having been statistically matched on injury severity with the PFTBI 
cohort, there is evidently a greater rate of return to healthy functioning than would be 
predicted from existing studies. This bias is made all the more likely given the considerably 
small size of the TBIWP cohort, and further accounts for the majority of healthy case 
misclassifications as TBIWP. The three TBIWP patients misclassified as patients with 
schizophrenia provide evidence for deficits closer to those suggested by the existing research. 
It would be expected that a larger TBIWP cohort eliminating this bias would also 
demonstrate a minority of misclassifications as PFTBI cases.  
As noted, a critical finding was that no healthy cases were mistaken for PFTBI 
membership and no PFTBI cases were mistaken for healthy membership. Thus, it appears 
that the combined measurement of general neurocognition and processing speed consistently 
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distinguishes between healthy and PFTBI cases, and is likely to remain consistent in 
comparisons made in a new sample (i.e., kappa coefficient). Accordingly, these novel data 
indicate that cognitive neuropsychological status is a moderate predictor of PFTBI, as distinct 
from both healthy and TBIWP individuals, yet only just above chance when compared with 
schizophrenia patients (i.e., 50-60%). Thus, this analysis has indicated that the nature of 
general cognitive neuropsychological deficits in PFTBI may be more greatly influenced by 
the psychotic aspects of their dual diagnosis than the effects of the TBI itself. However, this 
impression may be inaccurate given the potential bias of the TBIWP cohort.  
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Chapter 10: General Discussion and Conclusions 
10.1 Introduction 
This chapter summarises the key empirical findings and major conclusions of this 
thesis. These are discussed within the context of their theoretical, diagnostic, treatment, and 
research implications. The chapter concludes with reference to the unique contribution made 
by this research and subsequent insight into the cognitive neuropsychological profile of the 
cohort central to this investigation; PFTBI. 
10.2 Key Empirical Findings: A Summary 
Dually-diagnosed PFTBI is associated with substantial deficits in cognitive 
neuropsychological function. PFTBI assessments indicated a profile that is most similar to 
the one demonstrated by schizophrenia patients, although significantly marked in degree of 
impairment. This was further supported by DFA analysis, where the greatest misclassification 
of the PFTBI cohort was as a schizophrenia patient, and vice versa. Moderate prediction of 
patient group membership was indicated by this analysis using scores from two prominent 
features of the neuropsychological battery (i.e., RBANS Total [overall neurocognition] and 
Stroop Colour Trial [processing speed]). In addition, language-specific deficits were uniquely 
shared by the brain injured cohorts, partially driven by the laterality of language processing.  
The additive nature of deficits in PFTBI was apparent. This manifested as a 
consistently greater degree of impairment, even where group-wise differences were not 
significant.  Moreover, in presentation, the PFTBI cohort appeared considerably more unwell, 
some too unwell to undertake even the most basic of cognitive assessment, despite matched 
injury severity and clinical symptomatology. In some cases this was demonstrated by 
considerable physical impairment, including wheelchair confinement and substantially 
restricted movement, especially reduced control of the head and limbs (i.e., arms, hands, and 
digits). Executive dysfunction was also quite pronounced, especially the reduced capacity for 
attention and concentration, and in some cases reduced motivation as well.    
Imperative to this work was the statistical match of injury and illness demographics 
from the PFTBI and patient comparison groups. This has established that reduced 
neurocognition in PFTBI does not appear to be specifically attributable to mediating 
characteristics of either the illness or injury. However, these factors were associated with 
neurocognition for all patient groups, and the executive functions may become more critical 
to cognitive neuropsychological performance as impairment increases. 
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10.3 Methodological Strengths of this Research 
Substantial discussion throughout this thesis was devoted to the methodological 
limitations of the existing literature, and the resulting ambiguity of findings. These 
shortcomings were thoroughly considered during the design of this research protocol, and 
every effort was made to incorporate a methodology that overcame the common limitations 
where possible. Primarily, this meant the recruitment of PFTBI patients for one on one 
assessment, rather than relying on piecemeal chart information where the accuracy of data is 
often undetermined. This allowed for wideranging recruitment sites to achieve the best 
representation of PFTBI patients in Melbourne, instead of recruitment confined, for instance, 
to hospital inpatients, which may be unrepresentative of the PFTBI population. 
Control over a number of additional variables was also afforded by this procedure. 
Chief among these was the confinement of recruitment to cases where the traumatic brain 
injury preceded the development of psychotic symptoms. The verification of this, and of vital 
injury/illness information, was extensively sought from the relevant clinic and/or hospital 
files, and in one case further confirmation was pursued from a first degree relative. This 
procedure also allowed for family history data to be systematically recorded, which was 
important given the existing theoretical literature pertaining to heredity. 
Paramount to this work was the systematic assessment of both the cognitive 
neuropsychological profile and clinical symptoms of patients. First, this allowed for the 
standardised measurement of neurocognition, but also for the implementation of a 
comprehensive neurocognitive battery informed by the existing, and substantial, literature in 
TBI and schizophrenia.  Next, it was imperative that the clinical diagnosis of each patient was 
confirmed, and the features of the psychosis were defined, according to an established 
diagnostic interview and standardised measures administered by trained clinicians. Together 
these achievements set this work above the existing PFTBI data in clarity and completeness 
of the features of this dual diagnosis.  
Moreover, comparisons of PFTBI with patient controls in this way is novel. Previous 
work that has attempted this has utilised existing databases (Fujii et al., 2004), chart 
information (Fujii & Ahmed, 2002; Sachdev et al., 2001), or norms (Bamrah & Johnson, 
1991; Fujii et al., 2002; 2004). This meant that all participants were taken through an 
identical protocol, which was another important aspect of statistical control. The statistical 
matching of a substantial number of injury and illness demographics was also novel, and 
essential, given   
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the high likelihood that these behave influentially over the neurocognitive outcomes of 
interest. Patient cohorts were matched extremely well on all but three clinical/injury 
variables; reduced negative symptoms, an increased latency between injury and assessment, 
and lower incidence of induced coma in PFTBI. However, it is unlikely that these 
underpinned the reduced performance in PFTBI, given that reduced negative symptoms, and 
a longer latency between injury and assessment, are both associated with better cognition in 
other cohorts (Che et al., 2012; Dimoska-Di Marco et al., 2011; Hammer, Katsanis, & 
Iacono, 1995; Martino, Bucay, Butman & Allegri, 2007; Senathi-Raja et al., 2010).  
Coma induced directly post injury was considerably imbalanced across the TBI groups; 
one of the PFTBI patients versus seven of the TBIWP patients. Importantly, this treatment 
disparity does not implicate greater injury severity in the TBIWP cohort as the groups were 
statistically matched on LOC/PTA injury severity measures. While induced coma may be 
predictive of better long-term neurocognitive outcome, this did not appear to be the case; the 
three TBIWP cases who did not experience induced coma post injury did not demonstrate 
reduced performance relative to the rest of the TBIWP cohort. Although the sample is small, 
this suggests that induced coma does not interact with neurocognitive performance directly. 
Thus, the lower incidence of coma in the PFTBI cohort also does not appear to account for 
their impaired performance.  
Finally, adherence to the statistical appropriateness of analyses was viewed as critical, 
especially given the common misuse of ANCOVA to achieve control over group differences 
on potential covariates (Miller & Chapman, 2001, see Appendix S). Partialing out the 
influence of a wide range of patient-related and executive function-based influences over 
neurocognition, although appealing, generally remains an unobtainable goal. The executive 
functions in particular are inextricably linked to other aspects of neurocognition, causing 
difficulties in isolating specific deficits. Moreover, common impairments in aspects of 
cognition, such as processing speed and attention, are unavoidably implicated in many of the 
paradigms used to measure neurocognition elsewhere (e.g., semantic priming, working 
memory). Although the measurement of known influences is essential, at best, the 
investigation of group-wise differences on these influences, and their relationships with 
outcomes of interest, can only be highlighted. Accordingly, the close matching of cohorts on 
as many influential variables as possible may remain the best procedure for control of these 
influences.  
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10.4 Theoretical Implications 
Given matched demographics from the brain injured cohorts, it does not appear that a 
specific type, or location, of injury is behaving pathogenically in PFTBI with regard to the 
development of psychosis.  Moreover, as demonstrated by the comparable profile patterns in 
schizophrenia, deficits in neurocognition appear to be largely driven by the psychosis. Thus, 
these data do not support a distinct organic syndrome in PFTBI, but favour instead psychosis 
as conceptualised on a spectrum, which accounts nicely for heterogeneity and overlap into 
other syndromes (Badcock & Dragovic, 2006; Heckers, 2009; Landro & Ueland, 2008; 
Verdoux & van Os, 2002). 
The aetiology of PFTBI, then, appears to align conceptually with an existing model of 
schizophrenia. The two-hit hypothesis proposes prenatal genetic or environmental 
occurrences that effect brain development in a way that increases vulnerability to psychosis 
(i.e., the first ‘hit’).  A second, or multiple, stressor(s) later in life then triggers disease onset 
(i.e., ‘hit’ two; Bayer, Falkai, & Maier, 1999; MacDonald & Schulz, 2009; Maynard, Sikich, 
Lieberman, & LaMantia, 2001). Importantly, the first hit is not confined to genetic defects 
that arise due to heritability. This is vital because, as discussed in Chapter Two, the existing 
PFTBI literature has documented cases of PFTBI both with and without a family history of 
psychosis (AbdelMalik et al., 2003; Fujii & Ahmed, 2001). Thus, for example, severe 
maternal stress might constitute a first hit conferring congenital vulnerability to psychosis. 
Established examples of the second hit were ordered according to influence by Macdonald 
and Shultz (2009, p.496), and include; “migrant status, older fathers, Toxoplasmosis gondii 
antibodies, prenatal famine, lifetime cannabis use, obstetrical complications, urban rearing, 
winter or spring birth”, and perhaps, traumatic brain injury. 
The group-wise difference in early injury treatment may further offer preliminary 
evidence for the hypothesis that coma operates protectively against PFTBI. It may be that by 
slowing the brain’s reactionary response to areas of damage and swelling, and thus enabling 
mechanisms of healing to infiltrate damaged cells, the sprouting and reconnection of new 
neuronal fibres in the reorganisation of brain tissue has some bearing on the prospective 
development of psychotic symptoms. There is much evidence for reduced network 
connectivity in schizophrenia (Kyriakopoulos et al., 2012; Liemburg et al., 2012; Repovs & 
Barch, 2012; Yu et al., 2011), with the absence of specific connections having been proposed 
as candidate psychosis endophenotypes (Meda et al., 2012). The breakdown of key network 
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connections post injury may thus contribute to the aetiology of post injury psychosis in 
selected cases.  
10.5 Diagnostic Implications 
First, clinically, PFTBI is not especially unique, although the “absence” of negative 
symptoms in this cohort may be a feature worth further investigation. The potential for 
negative symptoms as a diagnostic distinction has been raised previously by Fujii and Ahmed 
(2002), however, as discussed in Chapter Two, evidence for negative symptoms in PFTBI has 
also been reported (e.g., Buckley et al., 1993; Sachdev et al., 2001). Given low levels of 
negative symptoms in the schizophrenia group as well, this may have resulted instead from a 
recruitment bias. Patients with negative symptoms are less likely to volunteer for 
participation involving multiple hours of cognitive testing. Of the 25 PFTBI patients 
approached for participation only 40% agreed, and amotivation associated with negative 
symptoms could be one explanation for this success rate.  Following-up with the PFTBI 
patients who declined to participate, and gauging their willingness to undertake a brief 
clinical interview, may help to ascertain whether negative symptoms and poor motivation 
were involved in their decision. Nonetheless, negative symptoms as a clinical distinction is 
certainly worth further investigation given the statistical difference shown on the PANSS 
total negative scale for psychotic cohorts.  
The majority of PFTBI cases in this research had, at least by the time of assessment, 
been diagnosed with schizophrenia/schizophreniform psychosis (i.e., as detailed in Chapter 
Six; six of the ten received this as their first diagnosis, whereas three received it as a 
subsequent diagnosis, and one had a diagnosis of paranoid psychosis). This has further 
theoretical bearing on the clinical profile in PFTBI, including the various features of the 
psychosis in its initial likeness to diagnostically-defined schizophrenia, and /or the 
development of symptoms over the trajectory of PFTBI. Of course, given the exceptional 
paucity of this literature it is unclear how accurately the present sample reflects the PFTBI 
population.  
Next, as already noted, the cognitive neuropsychological profile in PFTBI was 
strikingly similar to schizophrenia in its pattern of deficits on the majority of measures, albeit 
significantly greater in degree. Evidence of a language-driven likeness with TBIWP was 
illustrated on phonological fluency, which encompassed the switching and clusters of 
phonological fluency as well as total output, and WASI Vocabulary. Furthermore, although 
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PFTBI was more like schizophrenia in the degree of IQ impairment, especially on visuo-
spatial impairment, their pattern of deficits across the WASI subscales reflected the pattern in 
TBIWP. Again, this appears to be driven by scores on the WASI Vocabulary subscale, 
providing further evidence for a language-specific deficit in TBI. While group-wise analysis 
for lesion location in the TBI cohorts was not statistically feasible, the raw data suggest that 
this reduced performance may reflect the laterality of language processing skills. 
Schizophrenia manifests as common clinical and neurocognitive features, with great 
diversity in its aetiology and presentation from patient to patient (MacDonald & Schulz, 
2009; Nasrallah, Tandon, & Keshavan, 2011; Tandon, Keshavan, & Nasrallah, 2008a; 2008b; 
2009; 2010; Keshavan, Nasrallah, & Tandon, 2011; Keshavan, Tandon, Boutros, & 
Nasrallah, 2008). The diversity in schizophrenia is so extreme that it has been considered a 
feature of the disease (Nasrallah et al., 2011). The data from both psychotic cohorts were true 
to the existing literature in this respect. Given such extreme diversity, and thereby 
considerable overlap, it would be difficult to identify a poorly functioning schizophrenia 
patient from a relatively high-functioning PFTBI patient, even with a known TBI history.  
However, alongside the similarities, the findings from this research suggest that a 
handful of neuropsychological features may distinguish PFTBI patients from other cohorts. 
Tasks where the PFTBI cohort illustrated performance distinct from the other groups 
included, (i) delayed memory (mostly driven by the List Recognition and Story Memory 
subscales), (ii) RTs and accuracy on the lexical decision task (especially to related pairs at the 
long SOA where slower RTs and particularly reduced accuracy were shown), (iii) accuracy 
semantic priming (but not RT semantic priming), which is related to (ii), and (iv) a pattern of 
deficits on IQ where verbal IQ (Vocabulary subscale) is especially reduced relative to visuo-
spatial IQ (Matrix Reasoning subscale). Thus, a cluster of specific deficits have emerged 
from these data centred on verbal learning and memory. These deficits may underpin the 
unique pattern of semantic priming to related word pairs in PFTBI. 
Due to exacerbated neurocognitive deficits in PFTBI overall, and especially in 
executive function, cognitive neuropsychological assessment of patients with suspected 
PFTBI should be kept brief.  In accordance with these findings, the essential features of a 
neurocognitive battery, where the aim is to identify the potential for PFTBI, should focus on 
assessments of verbal learning and memory. Most delayed memory assessments have a 
verbal memory component, and any incorporating list learning, or story memory, would be 
expected to capture the demonstrated PFTBI deficits well. By contrast, semantic priming 
 318 
experiments, while valuable, take time to create and administer, and also require relatively 
proficient motor skills which are likely to be compromised post injury. Assessments such as 
the Rey Auditory Verbal Learning Test (Schmidt, 1996), subtests from the Wechsler Memory 
Scale (Weschler, 1997), including Logical Memory and Verbal Paired Associates, or the 
delayed memory component of the RBANS (Randolph, 1998) as used here would be 
recommended (although the RBANS requires 30 minutes between initial list/story 
presentation and recall). However, the California Verbal Learning Test-Second Edition 
(CVLT-II; Delis, Kaplan, Kramer, & Ober, 2000) possibly provides the most comprehensive 
assessment of verbal learning and memory and can be administered in 15 minutes by short 
form. Due to its comprehensive assessment, acquisition of semantic clustering, and 
demonstrated efficacy in TBI patients with frontal lesions (Baldo, Delis, Kramer, & 
Shimamura, 2002), as well as schizophrenia (Stone et al., 2011), this test would be most 
highly recommended following the results of this research. 
10.6 Treatment: The Clinical Utility of Outcomes 
PFTBI cases are clearly complex and have a range of treatment needs. These should 
be carefully considered when deciding on the best treatment option and schedule, and should 
be adaptable on a patient to patient basis. However, in general terms, treatment requiring 
substantial patient engagement (i.e., relying on executive function) would have little success 
unless it followed effective cognitive remediation. Cognitive Remediation Therapy (CRT) is 
a behavioural, skill-training intervention, that has demonstrated empirical efficacy in the 
lasting improvement of cognitive processes such as, attention, memory, executive function, 
problem solving, social cognition, and metacognition (Contreras et al., 2012; Medalia & 
Choi, 2009; Wykes, Huddy, Cellard, McGurk, & Czobor. 2011). CRT targets many of the 
profound deficits demonstrated by PFTBI patients in this research. Substantial evidence has 
shown improvements of moderate range effect sizes on cognitive test performance, and daily 
functioning, in response to CRT in patients with schizophrenia (Krabbendam & Aleman, 
2003; McGurk et al., 2007; Kurtz, Moberg, Gur, & Gur, 2001), and traumatic brain injury 
(Ashley et al., 2012; Ben-Yishay & Diller, 1993; Cicerone, 2002; Galbiati et al., 2009; 
Gauggel & Niemann,1996; Ownsworth & Mcfarland, 1999; Suzman, Morris, Morris, & 
Milan, 1997).  It follows that CRT may be an efficacious intervention in PFTBI as well.  
Improvements in cognition are also associated with better psychosocial, vocational, and 
overall long-term function (Bell, Tsang, Greig & Bryson, 2009; Contreras et al., 2012; Kurtz, 
Seltzer, Fujimoto, Shagan & Wexler, 2009; McGurk & Mueser, 2006; McGurk, Mueser, 
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Derosa, & Wolfe, 2009; Wykes, 1994). Thus, CRT targets the primary deficits in PFTBI, 
with potential ‘spill over’ effects into other areas of impairment. Further to these benefits, 
successful CRT may provide a platform for Cognitive Behaviour Therapy (CBT), given that 
substantially impaired executive function, attention, planning, and memory would otherwise 
provide a barrier to successful CBT engagement and outcome. CBT in schizophrenia has 
been efficacious in addressing the impact, such as the distress and disability, associated with 
positive and negative symptoms (Gould, Meuser, Bolton, Mays, & Goff, 2001; Thomas, 
Rossell, Farhall, Shawyer, & Castle, 2011; Trower et al., 2004; Wykes, Steel, Everitt, & 
Tarrier, 2008). Therefore, it may be a beneficial treatment for these symptoms in PFTBI, in 
conjunction with appropriate antipsychotics. Given evidence for the similarities in clinical 
profile, there is no basis for tailoring antipsychotics and/or other medication therapy beyond 
the usual best practice in schizophrenia. However, part of this process would be consideration 
for medication-based treatments that have shown to be better tolerated regarding side effects 
of reduced neurocognition and slowed processing speed. Although CBT efficacy has not been 
as widely researched in TBI, there is some literature to suggest that CBT is useful in the 
reduction of various psychological sequelae (Doering & Exner, 2011), and even sleep 
disturbance post injury (Quellet,& Morin, 2007). Furthermore, CBT is well tolerated, 
positively appraised by patients, and benefits gained from the sessions are generally sustained 
in the long term (Davis, Ringer, Strasburger, & Lysaker, 2008; Gould et al., 2001; Tai & 
Turkington, 2009). It may therefore be advantageous in the improvement of pathology arising 
from both the TBI and the psychosis in PFTBI. 
 
Thus, adjunctive therapy is most appropriate in PFTBI to improve functioning and 
enhance quality of life for these patients. This should be inclusive of CRT to address 
cognitive deficits, CBT to manage clinical symptoms and other injury-based behavioural 
disturbances, and strategic additions focused on enhancing social skills, incorporating 
vocational training, and supporting sustained employment.  Efficacy has already been 
established in psychosis for comprehensive rehabilitation programmes of this kind (Davis et 
al., 2008; McGurk, Mueser, Feldman, Wolfe, & Pascaris, 2007; McGurk, Mueser, & 
Pascaris, 2005; McGurk, Twamley et al., 2007; Wykes et al., 2011). 
10.7 Limitations and Important Recommendations for Future Research 
Noted throughout, the greatest limitation to this work was sample size, and the 
subsequent inadequacy of statistical power for certain analyses. While every effort was made 
to avoid this issue, the substantial heterogeneity in cognitive neuropsychological function 
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characteristic of psychosis, together with the inherent recruitment issues of patients with 
PFTBI, meant that recruitment only reached a sample size of ten during the period of this 
thesis. This reduced the size of the matched TBIWP cohort as well. Further, because a priori 
power analysis was determined using prior work investigating two groups, it is speculated 
that the indications of appropriate group sizes may not have been relatable to four-group 
analyses on some measures. The absence of statistically significant differences on some key 
neurocognitive variables, where notable differences in the mean were demonstrated 
descriptively, is therefore believed to reflect a power issue.  
With reference to the discussion in Chapter Seven, it would also be advantageous to 
replace various tasks incorporated in the testing battery. The following alterations are noted: 
(i) the RBANS language scale should be supplemented by additional language measures 
given ceiling performance in the Picture Naming subtest, and the propensity for cognitive 
strategy using fruits/vegetable fluency in the Semantic Fluency subtest; (ii) an alternative to 
the GECIT task should be considered in the measurement of Gestalt processing given 
inconsistencies in the findings from this task relative to both the existing literature and the 
RBANS Visuo-spatial Index; (iii) semantic priming in PFTBI should be reassessed using 
pairs of dual semantic-associative relationships. It is hypothesised that the semantic-only 
pairs used in this research may have been too pure to capture priming. This work should also 
be replicated using subgroups of all three types of word pair relationships (i.e., semantic-
only, associative-only, and semantic-associative) to determine the accuracy of this 
hypothesis; (iv) probabilistic reasoning should be comprehensively assessed using a range of 
tasks with well-established validity, and demonstrated outcome replication in psychosis.  
With regard to the RBANS Language scale, a substitution for picture naming, such as 
the Boston Naming Test (BNT; Kaplan, Goodglass, & Weintraub, 2001), would be ideal 
given its incorporation of both high frequency and low frequency objects (del Toro et al., 
2010; Nicholas, Brookshire, MacLennan, Schumacher, & Porrazzo, 1989), provided 
appropriate norms are utilised (Hawkins, Sledge, Orleans, Quinlan, Rakfeldt, & Huffman, 
1993; Nicholas et al., 1989). Cognitive strategy is likely to be engaged for semantic fluency 
irrespective of the category used, although the incorporation of additional semantic fluency 
trials may prove advantageous in differentiating semantic impairments. For example, the 
addition of an “animal” and “body parts” trial along with the existing “fruits/vegetables” trial, 
to match the three-trial (FAS) phonological fluency task.
 
The literature has shown that rather than being unable to utilise Gestalt principles in 
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visual processing, patients with schizophrenia do so less readily (Chey & Holzman, 1997; 
Landgraf et al., 2011; Rief, 1991). An imbedded figure task may help to capture this 
impairment (Bower & Glass, 1976; Chey & Holzman, 1997), although the efficacy of this 
task may be especially sensitive to timing; when provided with enough time patients with 
schizophrenia may perform comparatively to controls by using bottom up processing instead 
(see John & Hemsley, 1992). Both the Navon figure (Delis et al., 1986) and the Rey 
Osterrieth Figure (Robertson & Lamb, 1991) have successfully demonstrated the laterality of 
global (Gestalt)/local processing in TBI (see Chapter Four). However, this task may not be 
sensitive enough to capture impairment in schizophrenia (Silverstein, Osborn, & Palumbo, 
1998). The “report of numerosity” task (see Chapter Three) utilised by Schwartz-Place & 
Gilmore (1980) appears to capture this deficit well, without implicating short term/working 
memory processes, which may be a confound with the imbedded figure, Navon, and Rey 
Osterrieth tasks. Poor Gestalt processing on this task has been replicated in patients (Wells & 
Leventhal, 1984), and may thus offer an appropriate alternative to the GECIT task in PFTBI 
samples.   
Future work should allow for an extensive period of recruitment to ensure both the 
increase in final PFTBI cohort size, and to allow for the better match of the unmatched injury 
demographics in this research. This would also allow for the statistical comparison of lesion 
location, which is predicted to have significant bearing over neurocognition in PFTBI, 
especially with regard to language-based faculties. While it is considered that the differences 
between TBI samples in latency from injury to assessment reflect a recruitment bias, this 
remains speculative until wider investigations have been completed. Further, it was surprising 
that neurocognitive performance was not related to the latency of symptom onset in PFTBI 
(Chapter Eight). This result should be replicated extensively before the influence of onset 
latency on functional outcome in PFTBI can be excluded. An appropriate avenue for 
investigation would be to follow brain injured patients at risk for psychosis (according to the 
best existing indications for psychosis proneness), over the trajectory of their recovery. 
Longitudinal investigations of this nature, especially with individuals identified as “ultra high 
risk” for symptom onset, have been lucrative in schizophrenia (e.g., Lin et al., 2011; Sun et 
al., 2009). The protective effects of induced coma post injury warrant extensive follow-up. 
No work to date has investigated this phenomenon in PFTBI, yet it may be a promising 
avenue for future investigation, with the potential to have a significant bearing on the 
development of PFTBI.   
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It is also imperative that the apparent absence of negative symptoms in PFTBI is 
investigated thoroughly. Findings from this research, and from Fujii and Ahmed (2002), have 
been constrained by methodological shortcomings; here, because of PFTBI sample size, and 
from Fujii and Ahmed (2002), due to incompatible retrospective chart review where 
assessment is not controlled or necessarily standardised. Ideally, this should be done (i) using 
multiple complementary standardised measurements of clinical symptoms, (ii) assessing 
patients as a stand alone measurement, rather than part of research that has recruited for 
participation in larger sized assessment batteries (this is critical in helping deliniate the 
effects of amotivation from the existing data), and (iii) the eventual investigation into the 
relationship between negative symptoms and neurocognition in PFTBI.  
10.8 Conclusion 
Patients with PFTBI have substantially impaired neurocognition. Despite large overlap 
with schizophrenia, and some language-driven likeness to TBIWP, PFTBI was 
overwhelmingly associated with the greatest degree of deficit. In general, this suggests the 
additive effect of impairments associated with, first, the injury, and then, the psychosis. It is 
hypothesised that these may develop and evolve in a manner aligned with the two-hit theory 
of schizophrenia.  Specific distinctions in clinical, injury, and cognitive neuropsychological 
profile worth follow-up include; (i) negative symptoms, (ii) lesion location, (iii) the latency 
of post injury assessments between groups, (iv) illness onset latency specific to PFTBI, (v) 
induced coma, (vi) delayed memory and semantic memory (i.e., priming), (vii) and visuo-
spatial (Matrix Reasoning IQ) performance.   
This research has provided the first systematic assessment of the cognitive 
neuropsychological profile in PFTBI using standardised neuropsychological measures, and a 
battery of this size. It has also uniquely compared the established profile with data obtained 
from three comparison cohorts; a healthy group, TBI patient group, and schizophrenia patient 
group. In doing so, it was necessary to determine the clinical and injury characteristics of the 
patient groups, also using psychometrically established measures, and statistically match 
these to isolate the cognitive neuropsychological profile in PFTBI from obvious mediators 
related to injury and illness. This endeavour was relatively successful, and as such, this work 
has provided a novel and valuable contribution to the limited PFTBI literature.  
The recruitment and assessment of PFTBI is significantly constrained by the extent of 
morbidity in these patients. The result has been a paucity of published work, and these have 
 323 
relied on retrospective chart review, case studies, and loosely defined, but crucial, injury 
variables. These first and preliminary empirical findings have demonstrated value in the face-
to-face assessment of PFTBI cases, and suggest that replication of this work may be 
profitable. Subsequent investigations must be committed to substantial periods of 
recruitment, across international sites, with an aim to engage the maximum possible PFTBI 
cases. Such work has the potential to inform aetiology, diagnosis, and treatment, for a cohort 
who suffer significantly as a result of their injury and illness.  
  
 324 
References 
Aakre, J. M., Seghers, J. P., St-Hilaire, A., & Docherty, N. (2009). Attributional stype in 
delusional patients: A comparison of remitted paranoid, remitted nonparanoid and 
current paranoid patients with nonpsychiatric controls. Schizophrenia Bulletin, 35(5), 
994-1002. 
AbdelMalik, P., Husted, J., Chow, E. W. C., & Bassett, A. S. (2003). Childhood head injury 
and expression of schizophrenia in multiply affected families. Archives of General 
Psychiatry, 60(3), 231-236. 
Abramczyk, R. R., Jordan, D. E., & Hegel, M. (1983). "Reverse" Stroop effect in the 
performance of schizophrenics. Perceptual and Motor Skills, 56, 99-106. 
Achte, K. A., Hillbom, E., & Aalberg, V. (1969). Psychoses following war injuries. Acta 
Psychiatrica Scandinavica, 45, 1-18. 
Ahlskog, J.E., & Mayo Foundation for Medical Educaiton and Research, & Mayo Clinic. 
Dept. of Neurology. (1991). Clinical examinations in neurology (6th ed.). St. Louis, 
MO: Mosby-Year Book. 
Akshoomoff, N. A., Feroleto, C. C., Doyle, R. E., & Stiles, J. (2002). The impact of early 
unilateral  brain injury on perceptual organization and visual memory. 
Neuropsychologia, 40, 539-561. 
Albert, N., Bertelsen, M., Thorup, A., Petersen, L., Jeppesen, P., Le Quack, P.,…Nordentoft, 
M. (2011). Predictors of recovery from psychosis: Analysis of clinical and social 
factors associated with recovery among patients with first-episode psychosis after 5 
years. Schizophrenia Research, 125(2-3), 257-256.  
Albus, M., Hubmann, W., Ehrenberg, C., Forcht, U., Mohr, F., Sobizack, N.,… Hecht, S. 
(1996). Neuropsychological impairment in first episode and chronic schizophrenic 
patients. European Archives of Psychiatry and Clinical Neuroscience, 246, 249-255. 
Alexander, M. P. (1995). Mild traumatic brain injury: Pathophysiology, natural history, and 
clinical management. Neurology, 45, 1253-1260. 
Allen, H. A., & Frith, C. D. (1983). Selective retrieval and free emission of category 
exemplars in schizophrenia. British Journal of Psychology, 74, 481-490. 
Aloia, M. S., Gourovitch, M. L., Weinberger, D. R., & Goldberg, T. E. (1996). An 
investigation of semantic space in patients with schizophrenia. Journal of 
International Neuropsychology Society, 2, 267-273. 
  
 325 
American Psychological Association (APA).(1994). Diagnostic and Statistical Manual of 
Mental Disorders: DSM-IV (4th ed.). Washington, USA: American Psychological 
Association. 
American Psychological Association (APA).(2000). Diagnostic and Statistical Manual of 
Mental Disorders: DSM-IV-TR (4th ed.). Washington, USA: American Psychological 
Association. 
Anderson, J. R. (1983). A spreading activation theory of memory. Journal of Verbal 
Learning & Verbal Behavior, 22(3), 261-295. 
Anderson, C. V., Bigler, E. D., & Blatter, D. D. (1995). Frontal lobe lesions, diffuse damage, 
and neuropsychological functioning in traumatic brain-injured patients. Journal of 
Clinical and Experimental Neuropsychology, 17(6), 900-908. 
Anderson, T. M., & Knight, R. G. (2010). The long-term effects of traumatic brain injury on 
the coordinative function of the central executive. Journal of Clinical and 
Experimental Neuropsychology, 32(10), 1074-1082. 
Andreasen, N. C. (1982). Negative symptoms in schizophrenia: Definition and reliability. 
Archives of General Psychiatry, 39, 784-788.  
Andreasen, N. C. (1984). Scale for the Assessment of Positive Symptoms (SAPS). Iowa City: 
University of Iowa. 
Andreasen, N. C. (1986). Scale for  the Assessment of Thought, Language, and 
Communication (TLC). Schizophrenia Research, 12(3), 473-482. 
Andreasen, N. C., & Grove, W. M. (1986). Thought, language and communication in 
schizophrenia: Diagnosis and prognosis. Schizophrenia Bulletin, 12, 348-358. 
Andreasen, N.C., & Olsen, S. (1982). Negative v positive schizophrenia. Definition and 
validation. Archives of General Psychiatry, 39(7), 789-794. 
Ariza, M., Pueyo, R., Junque, C., Mataro, M., Poca, M. A., Mena, M. P.,…Sahuquillo, J. 
(2006). Differences in visual vs. verbal memory impairments as a result of focal 
temporal lobe damage in patients with traumatic brain injury. Brain Injury, 20(10), 
1053-1059. 
Asarnow, R. F., & MacCrimmon, D. J. (1982). Attention/information processing, 
neuropsychological functioning, and thought disorder during the acute and partial 
recovery phases of schizophrenia: A longitudinal study. Psychiatry Research, 7(3), 
309-319. 
 326 
Asha’Ari, Z.A., Ahmad, R., Rahman, J., Kamarudsin, N., & Ishlah, L.W. (2011). 
Countrecoup injury in patients with traumatic temporal bone fracture. The Journal of 
Laryngology and Otology, 125 (8), 781-785. 
Ashley, M.J., Ashley, J., Kreber, L., Seneca, P., Whyte, J., Kolakowsky-Hayner, S.,…Ripley, 
D.L. (2012). Remediation of information processing following traumatic brain injury: 
A community-based rehabilitation approach.  NeuroRehabilitation, 31(1), 31-39. 
Australian Institute of Health and Welfare. (2010). Australia’s Health 2010. Australia’s 
Health Series No. 12. Cat. No. AUS 122. Canberra: AIHW. 
Averbeck, B. B., Evans, S., Chouhan, V., Bristow, E., & Shergill, S. S. (2010). Probabilistic 
learning and inference in schizophrenia. Schizophrenia Research, 127(1-3), 115-122. 
Bachus, S.E., & Kleinman, J.E. (1996). The neuropathology of schizophrenia. Journal of 
Clinical Psychiatry, 11, 72-83. 
Badcock, J. C., & Dragovic, M. (2006). Schizotypal personality in mature adults. Personality 
and Individual Differences, 40, 77-85. 
Badcock, J. C., Dragovic, M., Waters, F. A. V., & Jablensky, A. (2005). Dimensions of 
intelligence in schizophrenia: Evidence from patients with preserved, deteriorated and 
compromised intellect. Journal of Psychiatric Research, 39, 11-19. 
Baddeley, A. D. (1990). Human memory: Theory and practice. London: Lawrence Erlbaum 
Associates. 
Baddeley, A. D., Eysenck, M., & Anderson, M. C. (2009). Memory. Hove: Psychology Press. 
Baldo, J.V., Delis, D., Kramer, J., & Shimamura, A.P. (2002). Memory performance on the 
California Verbal Learning Test-II: Findings from patients with focal frontal lesions. 
Journal of the International Neuropsychological Society, 8, 539-546. 
Baldo, J. V., & Shimamura, A. P. (1998). Letter and category fluency in patients with frontal 
lobe lesions. Neuropsychology, 12(2), 259-267. 
Balota, D. A., Black, S. R., & Cheney, M. (1992). Automatic and attentional priming in 
young and older adults: Reevaluation of the two-process model. Journal of 
Experimental Psychology, Human Perception and Performance, 18(2), 485–502. 
Balota, D. A., Yap, M. J., Cortese, M. J., Hutchinson, K. A., Kessler, B., Loftis, 
B.,…Treiman, R. (2007). The English lexicon project. Behavior Research Methods, 
39, 445-459. 
Bamrah, J. S., & Johnson, J. (1991). Bipolar affective disorder following head injury. The 
British Journal of Psychiatry, 158, 117-119. 
  
 327 
Barch, D. M., Carter, C. S., & Cohen, D. C. (2004). Factors influencing Stroop performance 
in schizophrenia. Neuropsychology, 18(3), 477-484. 
Bartholomeusz, C.F., Proffitt, T.M., Savage, G., Simpson, L., Markulev, C., Kerr, 
M.,…Wood, S.J. (2011). Relational memory in first episode psychosis: Implications 
for progressive hippocampal dysfunction after illness onset. Australian & New 
Zealand Journal of Psychiatry, 45, 206-213. 
Bayer, T.A., Falkai, P., & Maier, W. (1999). Genetic and nongenetic vulnerability factors in 
schizophrenia: The basis of the “two hit hypothesis”. Journal of Psychiatric Research, 
33(6), 543-548. 
Beatty, W.W., Jocic, Z., Monson, N., & Staton, R.D. (1993). Memory and frontal lobe 
dysfunction in schizophrenia and schizoaffective disorder. The Journal of Nervous 
and Mental Disease, 181(7), 448-453. 
Beauchamp, M., Catroppa, C., Godfrey, C., Morse, S., Rosenfeld, J. V., & Anderson, V. 
(2011a). Selective changes in executive functioning ten years after severe childhood 
traumatic brain injury. Developmental Neuropsychology, 36(5), 578-595. 
Beauchamp, M., Ditchfield, M., Maller, J. J., Catroppa, C., Godfrey, C., Rosenfeld, J. 
V.,…Anderson, V.A. (2011b). Hippocampus, amygdala and global brain changes 10 
years after childhood traumatic brain injury. International Journal of Developmental 
Neuroscience, 29, 137-143. 
Becker, T., Kerns, J. G., MacDonald, A. W., & Carter, C. S. (2008). Prefrontal dysfunction in 
first-degree relatives of schizophrenia patients during a Stroop task. 
Neuropsychopharmacology, 33, 2619-2625. 
Belanger, H. G., Curtiss, G., Demery, J. A., Lebowitz, B. K., & Vanderploeg, R. D. (2005). 
Factors moderating neuropsychological outcomes following mild traumatic brain 
injury: A meta-analysis. Journal of the International Neuropsychological Society, 
11(3), 215-227. 
Bell, M., Tsang, H.W.H., Greig, T.C., & Bryson, G.J. (2009). Neurocognition, social 
cognition, perceived social discomfort, and vocational outcomes in schizophrenia. 
Schizophrenia Bulletin, 35(4), 738-747. 
Bellani, M., Perlini, C., & Brambilla, P. (2009). Language disturbances in schizophrenia. 
Epidemiologia e Psichiatria Sociale, 18(4), 314-317. 
  
 328 
Ben-David, B. M., Nguyen, L. L. T., & van Lieshout, P. H. H. M. (2011). Stroop effects in 
persons with traumatic brain injury: Selective attention, speed of processing, or color-
naming? A meta-analysis. Journal of the International Neuropsychological Society, 
17, 354-363. 
Ben-Yishay, Y., & Diller, L. (1993). Cognitive remediation in traumatic brain injury: Update 
and issues. Archives of Physical Medicine and Rehabilitation, 74(2), 204-213.  
Bennett-Levy, J. M. (1984). Long-term effects of severe closed head injury on memory: 
Evidence from a consecutive series of young adults. Acta Neurologica Scandinavica, 
70, 285-298. 
Bentall, R. P., Kinderman, P., & Kaney, S. (1994). The self, attributional processes and 
abnormal beliefs: Towards a model of persecutory delusions. . Behaviour Research 
and Therapy, 32(3), 331-341. 
Bentall, R. P., & Taylor, J. L. (2006). Psychological processes and paranoia: Implications for 
forensic behavioural science. Behavioural Sciences and the Law, 24(3), 277-294. 
Benton, A. L. (1968). Differential behavioral effects in frontal lobe disease. 
Neuropsychologica, 6, 53-60. 
Berryhill, P., Lilly, M. A., Levin, H. S., Hillman, G. R., Mendelsohn, D., Brunder, D. G.,… 
Eisenberg, H.M. (1995). Frontal lobe changes after severe diffuse closed head injury 
in children: A volumetric study of magnetic resonance imaging. Neurosurgery, 37, 
392-399. 
Besche-Richard, C. & Passerieux, C. (2003). Semantic context-processing deficit in thought-
disordered schizophrenic patients: Evidence from new semantic priming paradigms. 
Cognitive Neuropsychiatry, 8(3), 173-189. 
Besche, C., Passerieux, C., Segui, J., Sarfati, Y., Laurent, J., & Hardy-Bayle, M. (1997). 
Syntactic and semantic processing in schizophrenic patients evaluated by lexical-
decision tasks. Neuropsychology, 11, 4988-505. 
Besenski, N. (2002). Traumatic injuries: Imaging of head injuries. European Radiology, 
12(6), 1237-1252. 
Bhojraj, T.S., Francis, A.N., Rajarethinam, R., Eack, S., Kulkarni, S., Prasad, K.M., 
…Keshavan, M.S. (2009). Verbal fluency deficits and altered lateralization of 
language brain areas in individuals genetically predisposed to schizophrenia. 
Schizophrenia Research, 115, 202-208. 
Bibby, H., & McDonald, H. (2005). Theory of mind after traumatic brain injury. 
Neuropsychologia, 43, 99-114. 
 329 
Bigler, E.D. (2007). Anterior and middle cranial fossa in traumatic brain injury: Relevant 
neuroanatomy and neuropathology in the study of neuropsychological outcome. 
Neuropsychology, 21(5), 515-531. 
Bilder, R. M., Lipschutz-Broch, L., Reiter, G., Geisler, S. H., Mayerhoff, D. I., & Lieberman, 
J. A. (1992). Intellectual deficits in first-episode schizophrenia: Evidence for 
progressive deterioration. Schizophrenia Bulletin, 18, 437-448. 
Binder, J. R., Frost, J. A., Hammeke, T. A., Cox, R. W., Rao, S. M., & Prieto, T. (1997). 
Human brain language areas identified by functional magnetic resonance imaging. 
Journal of Neuroscience, 17(1), 353-362. 
Binder, L. M., Rohling, M. L., & Larrabee, G. J. (1997). A review of mild head trauma: 
Meta-analytic review of neuropsychological studies. Journal of Clinical and 
Experimental Neuropsychology, 19(3), 421-431. 
Birkett, P., Sigmundsson, T., Sharma, T., Toulopoulou, T., Griffiths, T.D., Reverley, A.,… 
Murray, R. (2007). Reaction time and sustained attention in schizophrenia and its 
genetic predisposition. Schizophrenia Research, 95(1-3), 76-85.  
Bleuler, E. (1950). Dementia praecox or the group of schizophrenias. Oxford, England: 
International Universities Press. 
Bogod, N. M., Mateer, C. A., & Macdonald, S. W. S. (2002). Self-awareness after traumatic 
brain injury: A comparison of measures and their relationship to executive functions. 
Journal of the International Neuropsychological Society, 9, 450-458. 
Bokat, C.E., & Goldberg, T.E. (2003). Letter and category fluency in schizophrenia patients: 
A meta-analysis. Schizophrenia Research, 64 (1), 73-78. 
Bonner-Jackson, A., Grossman, L. S., Harrow, M., & Rosen, C. (2010). Neurocognition in 
schizophrenia: A 20-year multi-follow-up of the course of processing speed and 
stored knowledge. Comprehensive Psychiatry, 51, 471-479. 
Borgwardt, S.J., Riecher-Rossler, A., Dazzan, P., Chitnis, X., Aston, J., Drewe, M., 
…McGuire, P.K. (2007). Regional gray matter volume abnormalities in the at risk 
mental state. Biological Psychiatry, 61(10), 1148-1156. 
Bourque, F., van der Ven, E., Fusar-Poli, P., & Malla, A. (2012). Immigration, social 
environment and onset of psychotic disorders. Current Pharmaceutical Design, 18(4), 
518-526. 
Bower, G. H. & Glass, A. L. (1976). Structural units and the reintegrative power of picture 
fragments. Journal of Experimental Psychology: Human Learning and Memory, 2(4), 
456-466.  
 330 
Bowie, C. R., Harvey, P. D., Moriarty, P. J., Parrella, M., White, L., & Davis, K. L. (2004). A 
comprehensive analysis of verbal fluency deficit in geriatric schizophrenia. Archives 
of Clinical Neuropsychology, 19, 289-303. 
Bozikas, V. P., Kosmidis, M. H., & Karavatos, A. (2005). Disproportionate impairment in 
semantic verbal fluency in schizophrenia: Differential deficit in clustering. 
Schizophrenia Research, 74, 51-59. 
Braff, D. L. (2010). Prepulse inhibition of the startle reflex: A window on the brain in 
schizophrenia. Current Topics in Behavioral Neurosciences, 4, 349-371. 
Braff, D. L., Geyer, M. A., & Swerdlow, N. R. (2001). Human studies of prepulse inhibition 
of startle: Normal subjects, patient groups, and pharmacological studies. 
Psychopharmacology, 156, 234-258. 
Brebion, G., Amador, X., Smith, M. J., & Gorman, J. M. (1998). Memory impairment and 
schizophrenia: The role of processing speed. Schizophrenia Research, 30, 31-39. 
Brebion, G., Bressan, R. A., Pilowsky, L. S., & David, A. S. (2011). Processing speed and 
working memory span: Their differential role in superficial and deep memory 
processes in schizophrenia. Journal of the International Neuropsychological Society, 
17, 485-493. 
Brebion, G., David, A. S., Bressan, R. A., & Pilowsky, L. S. (2006). Processing speed: A 
strong predictor of verbal memory performance in schizophrenia. Journal of Clinical 
and Experimental Neuropsychology, 28(3), 370-382. 
Brebion, G., David, A. S., Bressan, R. A., & Pilowsky, L. S. (2007). Role of processing speed 
and depressed mood on encoding, storage, and retrieval memory functions in patients 
diagosed with schizophrenia. Journal of International Neuropsychology Society, 13, 
99-107. 
Brebion, G., Smith, M. J., Gorman, J. M., Malaspina, D., Sharif, Z., & Amador, X. (2000). 
Memory and schizophrenia: Differential link of processing speed and selective 
attention with two levels of encoding. Journal of Psychiatric Research, 34, 121-127. 
Brenton, F., Plante, A., Legauffre, C., Morel, N., Ades, J., Gorwood, P.,…Dubertret, C. 
(2011). The executive control of attention differentiates patients with schizophrenia, 
their first-degree relatives and healthy controls. Neuropsychologia, 49, 203-208. 
Brill, N., Levine, S.Z., Reichenberg, A., Lubin, G., Weiser, M., & Rabinowitz, J. (2009). 
Pathways to functional outcomes in schizophrenia: The role of premorbid functioning, 
negative symptoms and intelligence. Schizophrenia Research, 110(1-3), 40-46. 
 331 
Broome, M. R., Fusar-Poli, P., Matthiasson, P., Woolley, J. B., Valmaggia, L., Johns, L. 
C.,… McGuire, P.K. (2010). Neural correlates of visuospatial working memory in the 
'at-risk mental state'. Psychological Medicine, 40, 1987-1999. 
Brosseau-Lachaine, O., Gagnon, I., Forget, R., & Faubert, J. (2008). Mild traumatic brain 
injury induces prolonged visual processing deficits in children. Brain Injury, 22(9), 
657-668. 
Brouwer, W. H., Ponds, R. W., van Wolffelaar, P. C., & van Zomeren, A. H. (1989). Divided 
attention 5 to 10 years after severe closed head injury. Cortex, 25(2), 219-230. 
Buchanan, R. W., Strauss, E., Kirkpatrick, B., Holstein, C., Breier, A., & Carpenter, W. T. 
(1994). Neuropsychological impairments in deficit vs nondeficit forms of 
schizophrenia. Archives of General Psychiatry, 51, 804-811. 
Buckley, P., Stack, J. P., Madigan, C., O'Callaghan, E., Larkin, C., Redmond, O.,… 
Waddington, J. L. (1993). Magnetic resonance imaging of schizophrenia-like 
psychoses associated with cerebral trauma: Clinicopathological correlates. The 
American Journal of Psychiatry, 150(1), 146-148. 
Burg, J. S., McGuire, L. M., Burright, R. G., & Donovick, P. J. (1996). Prevalence of 
traumatic brain injury in an inpatient psychiatric population. Journal of Clinical 
Psychology in Medical Settings, 3(3), 243-251. 
Bush, G., Luu, P., & Posner, M. I. (2000). Cognitive and emotional influences in anterior 
cingulate cortex. Trends in Cognitive Sciences, 4(6), 215-222. 
Byrne, A., & Eysenck, M.W. (1995). Trait anxiety,  anxious mood, and threat detection. 
Cognition and Emotion, 9(6), 549-562. 
Cahn, W., Hulshoff Pol, H. E., Lems, E. B., van Haren, N. E., Schnack, H. G., van der 
Linden, J. A., …Kahn, R. S. (2002). Brain volume changes in first-episode 
schizophrenia: A 1-year follow-up study. Archives of General Psychiatry, 59, 1002-
1010.  
Calatayud Maldonado, V., Calatayud Perez, J.B., & Aso Escario, J. (1991). Effects of CDP-
choline on the recovery of patients with head injury. Journal of Neurological 
Sciences, 103 (suppl.), S15-S18. 
Campbell, K. B., & de Lugt, D. R. (1995). Event-related potential measures of cognitive 
deficits following closed head injury. In R. Johnson & J. C. Baron (Eds.), Handbook 
of Neuropsychology (pp. 269-298). Amsterdam: Elsevier. 
  
 332 
Cannon, T. D., Hennah, W., van Erp, T. G., Thompson, P. M., Lonngvist, J., Huttunen, 
M.,…Peltonen, L. (2005). Association of DISC1/TRAX haplotypes with 
schizophrenia, reduced prefrontal gray matter, and impaired short-and long-term 
memory. Archives of General Psychiatry, 62(11), 1205-1213. 
Cannon, T. D., Huttunen, M. O., Lonnqvist, J., Tuulio-Henriksson, A., Pirkola, T., Glahn, 
D.,… Koskenvuo, M. (2000). The inheritance of neuropsychological dysfunction in 
twins discordant for schizophrenia. American Journal of Human Genetics, 67, 369-
382. 
Cannon, M., Jones, P., Huttunen, M. O., Tanskanen, A., Huttunen, T., Rabe-Hesketh, S.,… 
Murray, R.M. (1999). School performance in Finnish children and later development 
of schizophrenia: A population-based longitudinal study. Archives of General 
Psychiatry, 56, 457-463. 
Carlesimo, G. A., Sabbadini, M., Bombardi, P., Di Porto, E., Loasses, A., & Caltagirone, C. 
(1998). Retrograde memory deficits in severe closed-head injury patients. Cortex, 34, 
1-23. 
Carlsson, A., & Lindqvist, M. (1963). Effect of chlorpromazine or haloperidol on formation 
of 3-methoxytyramine and normetanephrine in mouse brain. Acta Pharmachologica et 
Toxicologica, 20, 140-144. 
Carroll, L. J., Cassidy, J. D., Peloso, P. M., Borg, J., von Holst, H., Holm, L.,…Pepin, M. 
(2004). Prognosis for mild traumatic brain injury: Results of the WHO Collaborating 
Centre Task Force on mild traumatic brain injury. Journal of Rehabilitation Medicine, 
43(84-105). 
Carter, J. D., Bizzell, J., Kim, C., Bellion, C., Carpenter, K. L. H., Dichter, G.,… Belger, A. 
(2010). Attention deficits in schizophrenia - Preliminary evidence of dissociable 
transient and sustained deficits. Schizophrenia Research, 122, 104-112. 
Carter, J. W., Parnas, J., Urfer-Parnas, A., Watson, J., & Mednick, S. A. (2010). Intellectual 
functioning and the long-term course of schizophrenia-spectrum illness. 
Psychological Medicine, 40(9), 1-15. 
Caspi, A., Reichenberg, A., Weiser, M., Rabinowitz, J., Kaplan, Z., Knobler, H.,… Davidson, 
M. (2003). Cognitive performance in schizophrenia patients assessed before and 
following the first psychotic episode. Schizophrenia Research, 15, 87-94. 
Castaneda, A.E., Tuulio-Henriksson, A., Marttunen, M., Suvisaari, J., & Lonnqvist, J. (2008). 
A review on cognitive impairments in depressive and anxiety disorders with a focus 
on young adults. Journal of Affective Disorders, 106, 1-27. 
 333 
Cate, Y., & Richards, J. (2000). Relationship between performance on tests of basic visual 
functions and visual perceptual processing in persons after brain injury. American 
Journal of Occupational Therapy, 54(3), 326-334. 
Chadwick, O., Rutter, M., Brown, G., Shaffer, D., & Traub, M. (1981). A prospective study 
of children with head injuries: II cognitive sequelae. Psychological Medicine, 11, 49-
61. 
Chan, M. W., Yip, J. T., & Lee, T. M. (2004). Differential impairment on measures of 
attention in patients with paranoid and nonparanoid schizophrenia. Journal of 
Psychiatric Research, 38(2), 145-152. 
Chan, Y.H. (2005). Biostatistics 303: Discriminant analysis. Singapore Medical Journal, 
46(2), 54-62.  
Chapin, K., McGown, J., Vann, L., Kenny, D., & Youssef, I. (1992). Activation and 
facilitation in the lexicon of schizophrenics. Schizophrenia Research, 6, 251-255. 
Che, A.M., Gomez, R.G., Keller, J., Lembke, A., Tennakoon, L., Cohen, G.H.,…Schatzberg, 
A.F. (2012). The relationships of positive and negative symptoms with 
neuropsychological functioning and their ability to predict verbal memory in 
psychotic major depression. Psychiatry Research, 198(1), 34-38. 
Chen, R.Y.L., Chen, E.Y.H., Chan, C.K.Y., Lam, L.C.W., & Lieh-Mak, F. (2000). Verbal 
fluency in schizophrenia: Reduction in semantic store. Australian & New Zealand 
Journal of Psychiatry, 34, 43-48. 
Chen, E., Wilkins, A. J., & McKenna, P. J. (1994). Semantic memory is both impaired and 
anomalous in schizophrenia. Psychological Medicine, 24(1), 193-202. 
Chey, J., & Holzman, P. S. (1997). Perceptual organization in schizophrenia: Utilization of 
the Gestalt principles. Journal of Abnormal Psychology, 106(4), 530-538. 
Chiarello, C., Burgess, C., Richards, L., & Pollock, A. (1990). Semantic and associative 
priming in the cerebral hemispheres: Some words do, some words don’t... Sometimes, 
some places. Brain and Language, 38, 75-104. 
Chwilla, D. J., Hagoort, P., & Brown, C. M. (1998). The mechanism underlying backward 
priming in a lexical decision task: Spreading activation versus semantic matching. The 
Quarterly Journal of Experimental Psychology, 51(3), 531-560. 
Cicerone, K.D. (2002). Remediation of “working attention” in mild traumatic brain injury. 
Brain Injury, 16(3), 185-195. 
  
 334 
Ciurli, P., Bivona, U., Barba, C., Onder, G., Silvestro, D., Azicnuda, E.,…Formisano, R. 
(2010). Metacognitive awareness correlates with executive function impairment after 
severe traumatic brain injury. Journal of the International Neuropsychological 
Society, 16, 360-368. 
Clark, C. R., O'Hanlon, A. P., Wright, M. J., & Geffen, G. M. (1992). Event-related potential 
measurement of deficits in information processing following moderate to severe 
closed head injury. Brain Injury, 6(6), 509-520. 
Clark, L. A., & Watson, D. (1991). A tripartite model of anxiety and depression: 
Psychometric evidence and taxonomic implications. Journal of Abnormal Psychology, 
100, 316-336. 
Clement, P. F., & Kennedy, J. E. (2003). Wechsler Adult Intelligence Scale - Third Edition 
characteristics of a military traumatic brain injury sample. Military Medicine, 
168(12), 1025-1028. 
Cockburn, J. (1995). Performance on the Tower of London test after severe head injury. 
Journal of the International Neuropsychological Society, 1, 537-544. 
Cohen, J. D., Barch, D. M., Carter, C. S., & Servan-Schreiber, D. (1999). Context-processing 
deficits in schizophrenia: Converging evidence from three theoretically motivated 
cognitive tasks. Journal of Abnormal Psychology, 108(1), 120-133. 
Cohen, J. D., Servan-Schreiber, D., & McClelland, J. L. (1992). A parallel distributed 
processing approach to automaticity. The American Journal of Psychology, 105(2), 
239-269. 
Colarusso, R.P., & Hammill, D.D. (1972). Motor-Free Visual Perception Test. San Rafael, 
CA: Academic Therapy Publications. 
Colbert, S. M., & Peters, E. R. (2002). Need for closure and jumping to conclusions in 
delusion-prone individuals. The Journal of Nervous and Mental Disease, 190(1), 27-
31. 
Colbert, S. M., Peters, E. R., & Garety, P. A. (2010). Jumping to conclusions and perceptions 
in early psychosis: Relationship with delusional beliefs. Cognitive Neuropsychiatry, 
15(4), 422-440. 
Collins, A. M., & Loftus, E. F. (1975). A spreading-activation theory of semantic processing. 
Psychological Review, 82(6), 407-428. 
Collins, A. M., & Quillian, M. R. (1969). Retrieval time from semantic memory. Journal of 
Verbal Learning and Verbal Behavior, 8(2), 240-247. 
 335 
Coltheart, M. (1981). The MRC Psycholinguistic Database. Quarterly Journal  of 
Experimental Psychology, 33A, 497-505. 
Contreras, N., Rossell, S.L., Castle, D.J., Fossey, E., Morgan, D., Crosse, C.,…Harveys, C. 
(2012). Enhancing work-focused supports for people with severe mental illnesses in 
Australia. Rehabilitation Research and Practice. Advance online publication. 
doi:10.1155/2012/863203 
Conners, C. K. (1995). Conners' Continuous Performance Test. Toronto, Canada: Multi-
Health Systems. 
Conrad, K. (1954). New problems of aphasia. Brain, 77(4), 492-509. 
Coplan, J.D., Hodulik, S., Mathew, S.J., Mao, X., Hof, P.R., Gorman, J.M.,…Shungu, D.C. 
(2011). The relationship between intelligence and anxiety: An association with 
subcortical white matter metabolism. Frontiers in Evolutionary Neuroscience, 3(8). 
Advance online publication. doi: 10.3389/fnevo.2011.00008 
Corcoran, C., & Malaspina, D. (2007). Traumatic brain injury as a risk factor for 
schizophrenia. Current Psychiatry Reviews, 3, 25-32. 
Corcoran, C., Mercer, G., & Frith, C. D. (1995). Schizophrenia, symptomatology and social 
inference: Investigating "theory of mind" in people with schizophrenia. Schizophrenia 
Research, 17(1), 5-13. 
Corrigan, J.D., & Hinkeldey, N.S. (1987). Relationships between parts A and B of the Trail 
Making Test. Journal of Clinical Psychology, 43(4), 402-409. 
Covington, M. A., Congzhou, H., Brown, C., Naci, L., McClain, J. T., Fjordbak, B. 
S.,…Brown, J.(2005). Schizophrenia and the structure of language: The linguist's 
view. Schizophrenia Research, 77, 85-98. 
Crawford, J. R., Besson, J. A. O., Bermner, M., Ebmeier, K. P., Cochrane, R. H. B., & 
Kirkwood, K. (1992). Estimation of premorbid intelligence in schizophrenia. British 
Journal of Psychiatry, 161, 69-74. 
Crawford, J.R., Besson, J. A. O., & Parker, D. M. (1988). Estimation of premorbid 
intelligence in organic conditions. British Journal of Psychiatry, 153, 178-181. 
Crawford, J. R., Stewart, L. E., Garthwaite, P. E., Parker, D. M., & Besson, J. A. O. (1988). 
The relationship between demographic variables and NART performance in normal 
subjects. British Journal of Clinical Psychology, 27, 181-182. 
Crawford, J. R., Stewart, L. E., Parker, D. M., Besson, J. A. O., & DeLacey, G. (1989). 
Prediction of WAIS IQ with the National Adult Reading Test: Cross-validation and 
extension. British Journal of Clinical Psychology, 28, 267-273. 
 336 
Crosson, B., Novack, T., Rrenerry, M., & Craig, P. (1989). Differentiation of verbal memory 
deficits in blunt head injury using the recognition trial of the California Verbal 
Learning Test: An exploratory study. Clinical Neuropsychologist, 3(1), 29-44. 
Crosson, B., Novack, T., Trenerry, M., & Craig, P. (1998). California Verbal Learning Test 
(CVLT) performance in severely head-injured and neurologically normal adult males. 
Journal of Clinical and Experimental Neuropsychology, 10, 754-768. 
Crow, T. J. (1997). Is schizophrenia the price that Homo sapiens pays for language? 
Schizophrenia Research, 28, 127-141. 
Crow, T. J. (1998). Nuclear schizophrenic symptoms as a window on the relationship 
between thought and speech. British Journal of Psychiatry, 173, 303-309. 
Cummings, J. L., & Miller, B. L. (1987). Visual hallucinations. Clinical occurrence and use 
in differential diagnosis. The Western Journal of Medicine, 146, 46-51. 
Curtis, K. L., Greve, K. W., & Bianchini, K. J. (2009). The Wechsler Adult Intelligence 
Scale-III and malingering in traumatic brain injury: Classification accuracy in known 
groups. Assessment, 16(4), 401-414. 
Cutting, J. (1989). Gestalt theory and psychiatry: Discussion paper. Journal of the Royal 
Society of Medicine, 82, 429-432. 
Cutting, J., & Dunne, F. (1986). The nature of the abnormal perceptual experiences at the 
onset of schizophrenia. Psychopathology, 19, 347-352. 
Dagnan, D., Chadwick, P., & Trower, P. (2000). Psychometric properties of the Hospital 
Anxiety and Depression Scale with a population of members of a depression self-help 
group. British Journal of Medical Psychology, 73,129-137. 
David, A. S. (1998). Schizophrenia and intellectual decline. American Journal of Psychiatry, 
155, 1634-1635. 
David, A. S., Malmberg, A., Brandt, L., Allebeck, P., & Lewis, G. (1997). IQ and risk for 
schizophrenia: A population-based cohort study. Psychological Medicine, 27, 1311-
1323. 
David, A. S., & Prince, M. (2005). Psychosis following head injury: A critical review. 
Journal of Neurology, Neurosurgery & Psychiatry, 76(suppl 1), i53-i60. 
Davis, G. C., Simpson, D. M., Foster, D., Arison, Z., & Post, M. (1986). Reliability of 
Andreasen's thought, language and communications disorder scale. Hillside Journal 
of Clinical Psychiatry, 8(1), 25-33. 
  
 337 
Davis, L.W., Ringer, J.M., Strasburger, A.M., & Lysaker, P.H. (2008). Participant evaluation 
of a CBT program for enhancing work function in schizophrenia. Psychiatric 
Rehabilitation Journal, 32(1), 55-58.  
Davison, K., & Bagley, C. R. (1969). Schizophrenia-like psychoses associated with organic 
disorders of the central nervous system: A review of the literature. British Journal of 
Psychiatry (suppl), 114, 113-162. 
Deb, S., Lyons, I., Koutzoukis, C., Ali, I., & McCarthy, G. (1999). Rate of psychiatric illness 
1 year after traumatic brain injury. American Journal of Psychiatry, 156, 374–378. 
del Toro, C.M., Bislick, L.P., Comer, M., Velozo, C., Romero, S., Gonzalez, R.,…Kendall, 
D. (2010). Development of a Short Form of the Boston Naming Test for individuals 
with aphasia. Journal of Speech, Language, and Hearing Research, 54(4), 1089-1100. 
Delis, D. C., Kaplan, E., & Kramer, J. H. (2001a). Delis-Kaplan Executive Function System 
(D-KEFS). The Psychological Corporation: San Antonio, TX. 
Delis, D. C., Kaplan, E., & Kramer, J. H. (2001b). Delis-Kaplan Executive Function System 
(D-KEFS) -Technical Manual. The Psychological Corporation: San Antonio, TX. 
Delis, D., Kaplan, E., Kramer, J., & Ober, B. (2000). California Verbal Learning Test–II. San 
Antonio, TX: The Psychological Corporation. 
Delis, D. C., Robertson, L. C., & Efron, R. (1986). Hemispheric specialization of memory for 
visual hierarchical stimuli. Neuropsychologia, 24(2), 205-214. 
DeLisi, L. E. (2001). Speech disorder in schizophrenia: Review of the literature and 
exploration of its relation to the uniquely human capacity for language. Schizophrenia 
Bulletin, 27(3), 481-496. 
DeLisi, L.E., Sakuma, M., Maurizio, A.M., Relja, M., & Hoff, A.L. (2004). Cerebral 
ventricular change over the first 10 years after the onset of schizophrenia. Psychiatry 
Research, 130, 57-70. 
DeLisi, L.E., Sakuma, M., Tew, W., Kushner, M., Hoff, A.L., & Grimson, R. (1997). 
Schizophrenia as a chronic active brain process: A study of progressive brain 
structural change subsequent to the onset of schizophrenia. Psychiatry Research, 74, 
129-140. 
Demakis, G. J., Hammond, F. M., & Knotts, A. (2010). Prediction of depression and anxiety 
1 year after moderate-severe traumatic brain injury. Applied Neuropsychology, 17(3), 
183-189. 
Department of Defense and Department of Veterans Affairs (2008). Traumatic Brain Injury 
Task Force. Retrieved from http://www.cdc. gov/nchs/data/icd9/Sep08TBI.pdf  
 338 
Devlin, J. T., Gonnerman, L. M., Andersen, E. S., & Seidenberg, M. S. (1998). Category-
specific semantic deficits in focal and widespread brain damage: A computational 
account. Journal of Cognitive Neuroscience, 10, 77-94. 
Dias, E.C., Butler, P.D., Hoptman, M.J., & Javitt, D.C. (2011). Early sensory contributions to 
contextual encoding deficits in schizophrenia. Archives of General Psychiatry, 68(7), 
654-664. 
Dickinson, D., Ramsey, M. E., & Gold, J. M. (2007). Overlooking the obvious: A meta-
analytic comparison of digit symbol coding tasks and other cognitive measures in 
schizophrenia. Archives of General Psychiatry, 64, 532-542. 
Dikmen, S. S., Machamer, J. E., Winn, H. R., & Temkin, N. R. (1995). Neuropsychological 
outcome at 1-year post head injury. Neuropsychology, 9, 80-90. 
Dimoska-Di Marco, A., McDonald, S., Kelly, M., Tate, R., & Johnstone, S. (2011). A meta-
analysis of response inhibition and Stroop interference control deficits in adults with 
traumatic brain injury (TBI). Journal of Clinical and Experimental Neuropsychology, 
33(4), 471-485. 
Doering, B., & Exner, C. (2011). Combining neuropsychological and cognitive-behavioral 
approaches for treating psychological sequelae of acquired brain injury. Current 
Opinion in Psychiatry, 24(2), 156-161. 
Doi, R., Morita, K., Shigemori, M., Tokutomi, T., & Maeda, H. (2007). Characteristics of 
cognitive function in patients after traumatic brain injury assessed by visual and 
auditory event-related potentials. American Journal of Physical Medicine & 
Rehabilitation, 86(8), 641-649. 
Donders, J. (1997). Sensitivity of the WISC-III to injury severity in children with traumatic 
head injury. Assessment, 4, 107-109. 
Donders, J., & Janke, K. (2008). Criterion validity of the Wechsler Intelligence Scale for 
Children - Fourth Edition after pediatric traumatic brain injury. Journal of the 
International Neuropsychological Society, 14, 651-655. 
Dronkers, N. F., Wilkins, D. P., van Valin Jr., R. D., Redfern, B. B., & Jaeger, J. J. (2004). 
Lesion analysis of the brain areas involved in language comprehension. Cognition, 92, 
145-177. 
Dudley, R. E. J., John, C. H., Young, A. W., & Over, D. E. (1997). Normal and abnormal 
reasoning in people with delusions. British Journal of Clinical Psychology, 36, 243-
258. 
  
 339 
Dudley, R. E. J., & Over, D. E. (2003). People with delusions jump to conclusions: A 
theoretical account of research findings on the reasoning of people with delusions. 
Clinical Psychology and Psychotherapy, 10, 263-274. 
Duncan, C. C., Kosmidis, M. H., & Mirsky, A. F. (2005). Closed head injury-related 
information processing deficits: An event-related potential analysis. International 
Journal of Psychophysiology, 58, 133-157. 
Egan, M.F., Hyde, T.M., Bonomo, J.B., Mattay, V.S., Bigelow, L.B., Goldberg, T.E., & 
Weinbereger, D.R. (2001). Relative risk of neurological signs in siblings of patients 
with schizophrenia. The American Journal of Psychiatry, 158(11), 1827-1834. 
Egeland, J., Rund, B. R., Sundet, K., Landro, N. I., Asbjornsen, A., Lund, A.,… Hugdahl, K. 
(2003). Attention profile in schizophrenia compared with depression: Differential 
effects of processing speed, selective attention and vigilance. Acta Psychiatrica 
Scandinavica, 108, 276-284. 
Ehrlich, S., Brauns, S., Yendiki, A., Ho, B.C., Calhoun, V., Schulz, S.C.,…Sponheim, S.R. 
(2012). Associations of cortical thickness and cognition in patients with schizophrenia 
and healthy controls. Schizophrenia Bulletin, 38(5), 1050-1062. 
Elkis, H., Friedman, L., Wise, A., & Meltzer, H.Y. (1995). Meta-analyses of studies of 
ventricular enlargement and cortical sulcal prominence in mood disorders: 
Comparisons with controls or patients with schizophrenia. Archives of General 
Psychiatry, 52, 735-746. 
Ellison-Wright, I., Glahn, D., Laird, A., Thelen, S.M., & Bullmore, E. (2008). The anatomy 
of first-episode and chronic schizophrenia: An anatomical likelihood estimation meta-
analysis. American Journal of Psychiatry, 165(8), 1015-1023. 
Elvevag, B., Weinstock, D. M., Akil, M., Kleinman, J. E., & Goldberg, T. E. (2001). A 
comparison of verbal fluency tasks in schizophrenic patients and normal controls. 
Schizophrenia Research, 51, 119-126. 
Emanuele, E., Martinelli, V., Abbiati, V., Fusar-Poli, P., & Politi, P. (2012). Biochemical 
markers of impending psychosis. Current Pharmaceutical Design,18(4), 505-509. 
Epstein, J., Stern, E., & Silbersweig, D. (1999). Mesolimbic activity associated with 
psychosis in schizophrenia. Symptom-specific PET studies. Annals of the New York 
Academy of Sciences, 877, 562-574. 
Erez, A. B., Rothschild, E., Katz, N., Tuchner, M., & Hartman-Maeir, A. (2009). Executive 
functioning, awareness, and particpation in daily life after mild traumatic brain injury: 
A preliminary study. American Journal of Occupational Therapy, 63(5), 634-640. 
 340 
Evans, J. J., Chua, S. E., McKenna, P. J., & Wilson, B. A. (1997). Assessment of the 
dysexecutive syndrome in schizophrenia. Psychological Medicine, 27(3), 635-646. 
Ewing-Cobbs, L., & Barnes, M. (2002). Linguistic outcomes following traumatic brain injury 
in children. Seminars in Pediatric Neurology, 9, 209-217. 
Fals-Stewart, W. (1992). An interrater reliability study of the Trail Making Test (Parts A and 
B). Perceptual and Motor Skills, 74(1), 39-42. 
Fann, J. R., Burington, B., Leonetti, A., Jaffe, K., Katon, W. J., & Thompson, R. S. (2004). 
Psychiatric illness following traumatic brain injury in an adult health maintenance 
organization population. Archives of General Psychiatry, 61, 53-61. 
Farah, M. J., & McClelland, J. L. (1991). A computational model of semantic memory 
impairment: Modality specificity and emergent category specificity. Journal of 
Experimental Psychology: General, 120(4), 339-357. 
Fei, Z., Zhang, X., Jiang, X. F., Huang, W. D., & Bai, H. M. (2005). 
Altered expression patterns of metabotropic glutamate receptors in 
diffuse brain injury. Neuroscience Letters, 380, 280–283. 
Felmingham, K. L., Baguley, I. J., & Green, A. M. (2004). Effects of diffuse axonal injury on 
speed of information processing following severe traumatic brain injury. 
Neuropsychology, 18(3), 564-571. 
Ferchiou, A., Schurhoff, F., Bulzacka, E., Leboyer, M., & Szoke, A. (2010). Selective 
attention impairment in schizophrenia. The Journal of Nervous and Mental Disease, 
198(10), 779-781.  
Ferri, J., Chirivella, J., Caballero, M. C., Simo, M., Ramirez, R. M., & Noe, E. (2004). 
Intelligence and prognosis in severe traumatic brain injury: A neuropsychological 
study with the Wechsler Adult Intelligence Scale (WAIS-III). Neurologia, 19(6), 285-
291. 
Fine., E.M., Delis, D.C., Wetter, S.R., Jacobson, M.W., Jak, A.J., McDonald, C.R.,…Bondi, 
M.W. (2008). Cognitive discrepancies versus APOE genotype as predictors of 
cognitive decline in normal-functioning elderly individuals: A longitudinal study. The 
American Journal of Geriatric Psychiatry, 16(5), 366-374. 
Fink, G. R., Halligan, P. W., Marshall, J. C., Frith, C. D., Frackowiak, R. S. J., & Dolan, R. J. 
(1996). Where in the brain does visual attention select the forest and the trees? 
Nature, 382, 626-628. 
  
 341 
First, M. B., Spitzer, R. L., Gibbon, M., & Williams, J. B. W. (2002). Structured Clinical 
Interview for DSM-IV-TR Axis I Disorders, Research Version, Patient Edition (SCID-
I/P). New York, NY: Biometrics Research, New York State Psychiatric Institute. 
Fitz, A. G., Conrad, P. M., Hom, D. L., & Sarff, P. L. (1992). Hooper Visual Organization 
Test performance in lateralized brain injury. Archives of Clinical Neuropsychology, 7, 
243-250. 
Fisher, D. J., Labelle, A., & Knott, V. J. (2010). Auditory hallucinations and the P3a: 
Attention-switching to speech in schizophrenia. Biological Psychology, 85, 417-423. 
Fleminger, S. (2008). Long-term psychiatric disorders after traumatic brain injury. European 
Journal of Anaesthesiology, 25(Suppl 42), 123–130. 
Floden, D., & Stuss, D. T. (2006). Inhibitory control is slowed in patients with right superior 
medial frontal damage. Journal of Cognitive Neuroscience, 18(11), 1843-1849. 
Ford, P. (2002). An evaluation of the Dartmouth Assessment of Lifestyle Inventory and the 
Leeds Dependence Questionnaire for use among detained psychiatric inpatients. 
Addiction, 98, 111-118. 
Fortune, N., & Wen, X. (1999). The definition, incidence and prevalence of acquired brain 
injury in Australia. Australian Institute of Health and Welfare. Cat. No. DIS 15. 
Canberra: AIHW. 
Freeman, D. (2007). Suspicious minds: The psychology of persecutory delusions. Clinical 
Psychology Review, 27(4), 425-457. 
Frenchmen, K. A., Fox, A. M., & Mayberry, M. T. (2005). Neuropsychological studies of 
mild traumatic brain injury: A meta-analytic review of research since 1995. Journal of 
Clinical and Experimental Neuropsychology, 27, 334-351. 
Friston, K.J., Liddle, P.F., Frith, C.D., Hirsch, S.R., & Frackowiak, R.S. (1992). The left 
medial temporal region and schizophrenia. A PET study.  Brain, 115 (2), 367-382. 
Frith, C. D. (1992). The cognitive neuropsychology of schizophrenia. Hove, UK: Lawrence 
Erlbaum Associates. 
Frith, C. D., & Corcoran, C. (1996). Exploring 'theory of mind' in people with schizophrenia. 
Psychological Medicine, 26(3), 521-530. 
Frith, C. D., Friston, K. J., Liddle, P. F., & Frackowiak, R. S. J. (1991). A PET study of word 
finding. Neuropsychologia, 29(12), 1127-1148. 
Fujii, D., & Ahmed, I. (1996). Psychosis secondary to traumatic brain injury. 
Neuropsychiatry, Neuropsychology, and Behavioral Neurology, 9, 133-138. 
  
 342 
Fujii, D., & Ahmed, I. (2001). Risk factors in psychosis secondary to traumatic brain injury. 
The Journal of Neuropsychiatry and Clinical Neurosciences, 13(1), 61-69. 
Fujii, D., & Ahmed, I. (2002). Characteristics of psychotic disorder due to traumatic brain 
injury: An analysis of case studies in the literature. The Journal of Neuropsychiatry 
and Clinical Neurosciences, 14, 130-140. 
Fujii, D., Ahmed, I., & Hishinuma, E. (2004). A neuropsychological comparison of psychotic 
disorder following traumatic brain injury, traumatic brain injury without psychotic 
disorder, and schizophrenia. The Journal of Neuropsychiatry and Clinical 
Neurosciences, 16(3), 306-314. 
Fukumoto-Motoshita, M., Matsuura, M., Ohkubo, T., Ohkubo, H., Kanaka, N., Matsushima, 
E.,… Matsuda, T. (2009). Hyperfrontality in patients with schizophrenia during 
saccade and antisaccade tasks: A study with fMRI. Psychiatry and Clinical 
Neurosciences, 63(2), 209-217. 
Fusar-Poli, P., McGuire, S., & Borgwardt, S. (2011). Mapping prodromal psychosis: A 
critical review of neuroimaging studies. European Psychiatry,27(3), 181-191.  
Fuster, J.M. (2008). The prefrontal cortex (4th ed.). London, UK: Academic Press.  
Galbiati, S., Recla, M., Pastore, V., Liscio, M., Bardoni, A., Castelli, E., & Strazzer, S. 
(2009). Attention remediation following traumatic brain injury in childhood and 
adolescence. Neuropsychology, 23(1), 40-49. 
Garety, P. A., & Freeman, D. (1999). Cognitive approaches to delusions: A critical review of 
theories and evidence. British Journal of Clinical Psychology, 38(2), 113-154. 
Garland, T. (2005). Test review: The Wechsler Abbreviated Scale of Intelligence (WASI). 
Journal of Occupational Psychology, Employment and Disability, 7(2), 130-135. 
Gauggel, S., & Niemann, T. (1996). Evaluation of a short-term computer-assisted training 
programme for the remediation of attentional deficits after brain injury: A preliminary 
study. International Journal of Rehabilitation Research, 19(3), 229-239.  
Geraci, A., & Cantagallo, A. (2011). Inferential reasoning: Comparison of patients with 
schizophrenia and patients with traumatic brain injury. Psychiatry Research, 188(2), 
291-293. 
German, D. J. (1990). National College of Education test of adolescent/adult word finding. 
Austin, TX: Pro-ed. 
Girard, T. A., Christensen, B. K., & Rizvi, S. (2010). Visual-spatial episodic memory in 
schizophrenia: A multiple systems framework. Neuropsychology, 24(3), 368-378. 
  
 343 
Goethals, I., Audenaert, K., Jacobs, F., Lannoo, E., van de Wiele, C., Ham, H.,…Dierckx, R. 
(2004). Cognitive neuroactivation using SPECT and the Stroop colored word test in 
patients with diffuse brain injury. Journal of Neurotrauma, 21(8), 1059-1069. 
Goggio, A.F. (1941). The mechanism of contre-coup injury. Journal of Neurological 
Psychiatry, 4(1), 11-22. 
Gogos, A., Joshua, N., & Rossell, S.L. (2010). Using the Repeatable Battery for the 
Assessment of Neuropsychological Status (RBANS) to investigate group and gender 
differences in schizophrenia and bipolar disorder. Australian and New Zealand 
Journal of Psychiatry, 44(3), 220-229. 
Goodarzi, M. A., Wykes, T., & Hemsley, D. R. (2000). Cerebral laterization of global-local 
processing in people with schizotypy. Schizophrenia Research, 45, 115-121. 
Goul, W.R., & Brown, M. (1970). Effects of age and intelligence on Trail Making Test 
performance and validity. Perceptual & Motor Skills, 30, 319-326. 
Gould, R.A., Meuser, K.T., Bolton, E., Mays, V., & Goff, D. (2001). Cognitive therapy for 
psychosis in schizophrenia: An effect size analysis. Schizophrenia Research, 48, 335-
342.  
Goulet, P., Joanette, Y., Sabourin, L., & Giroux, F. (1997). Word fluency after a right-
hemisphere lesion. Neuropsychologia, 35(12), 1565-1570. 
Gouzoulis-Mayfrank, E., Voss, T., Morth, D., Thelen, B., Spitzer, M., & Meinke, U. (2003). 
Semantic hyperpriming in thought-disordered patients with schizophrenia: State or 
trait? A longitudinal investigation. Schizophrenia Research, 65(2-3), 65-73. 
Goverover, Y. (2004). Categorization, deductive reasoning, and self-awareness: Assocation 
with everyday competence in persons with acute brain injury. Journal of Clinical and 
Experimental Neuropsychology, 25(6), 737-749. 
Gravel, M., Weng, Y.C., & Kriz, J. (2011). Model system for live imaging of neuronal 
responses to injury and repair. Molecular Imaging, 10(6), 434-45. 
Gray, H. (1989). Gray's anatomy (37th ed.). Edinburgh: C. Livingstone. 
Green, M. F., Butler, P. D., Y., C., Geyer, M. A., Silverstein, S. M., Wynn, J. K., Yoon, J.H., 
& Zemon, V. (2009). Perception measurement in clinical trials of schizophrenia: 
Promising paradigms from CNTRICS. Schizophrenia Bulletin, 35(1), 163-181. 
Green, S. B., & Salkind, N. J. (2005). Using SPSS for Windows and Macintosh. Analyzing 
and understanding data (4th ed.). Upper Saddle River, New Jersey: Pearson 
Education Inc. 
 344 
Green, W., Ciuffreda, K. J., Thiagarajan, P., Szymanowicz, D., Ludlam, D. P., & Kapoor, N. 
(2010a). Accommodation in mild traumatic brain injury. Journal of Rehabilitation 
Research & Development, 47(3), 183-199. 
Green, W., Ciuffreda, K. J., Thiagarajan, P., Szymanowicz, D., Ludlam, D. P., & Kapoor, N. 
(2010b). Static and dynamic aspects of accommodation in mild traumatic brain injury: 
A review. Optometry, 81(129-136). 
Grillon, M. L., Krebs, M. O., Gourevitch, R., Giersch, A., & Huron, C. (2010). Episodic 
memory and impairment of an early encoding process in schizophrenia. 
Neuropsychology, 24(1), 101-108. 
Gronwall, D. (1977). Paced auditory serial addition task: A measure of recovery from 
concussion. Perceptual and Motor Skills, 44, 367-373. 
Groom, M. J., Jackson, G. M., Calton, T. G., Andrews, H. K., Bates, A. T., Liddle, P. F., & 
Hollis, C. (2008). Cognitive deficits in early-onset schizophrenia spectrum patients 
and their non-psychotic siblings: A comparison with ADHD. Schizophrenia Research, 
99(1-3), 85-95. 
Grossman, M. (1981). A bird is a bird is a bird: Making reference within and without 
superordinate categories. Brain & Language, 12, 313-331. 
Gudayol-Ferre, E., Lara, J. P., Herrera-Guzman, I., Bohm, P., Rodes, E., Ansaldo, A. I.,… 
Pena-Casanova, J. (2008). Semantic memory as assessed by the Pyramids and Palm 
Trees test: The impact of sociodemographic factors in a Spanish-speaking population. 
Journal of the International Neuropsychological Society, 14, 148-151. 
Guseva, M.V., Hopkins, D.M., Scheff, S.W., & Pauly, J.R. (2008). Dietary choline 
supplementation improves behavioural, histological, and neurochemical outcomes in a 
rat model of traumatic brain injury. Journal of Neurotrauma, 25, 975-983. 
Hammer, M.A., Katsanis, J., & Iacono, W.G. (1995). The relationship between negative 
symptoms and neuropsychological performance. Biological Psychiatry, 37(11), 828-
830. 
Hardman, J.M., & Manoukian, A. (2002). Pathology of head trauma. Neuroimaging Clinics 
of North America, 12 (2), 175-187. 
Harrison, G., Whitley, E., Rasmussen, F., Lewis, G., Dalman, C., & Gunnell, D. (2006). Risk 
of schizophrenia and other non-affective psychosis among individuals exposed to 
head injury: Case control study. Schizophrenia Research, 88(1), 119-126. 
 345 
Harrison, J. E., Buxton, P., Husain, M., & Wise, R. (2000). Short test of semantic and 
phonological fluency: Normal performance, validity and test-retest reliability. British 
Journal of Clinical Psychology, 39, 181-191. 
Hartikainen, K. M., Waljas, M., Isoviita, T., Dastidar, P., Liimatainen, S., Solbakk, 
K.,…Ohman, J. (2010). Persistent symptoms in mild to moderate traumatic brain 
injury associated with executive dysfunction. Journal of Clinical and Experimental 
Neuropsychology, 32(7), 767-774. 
Hartley, L. L., & Jensen, P. J. (1991). Narrative and procedural discourse after closed head 
injury. Brain Injury, 5, 267-285. 
Harvey, P. D., Lenzenweger, M. F., Keefe, R. S. E., Pogge, D. L., Serper, M. R., & Mohs, R. 
C. (1992). Empirical assessment of the factorial structure of clinical symptoms in 
schizophrenic patients: Formal thought disorder. Psychiatry Research, 44, 141-151. 
Hashimoto, K., Okumura, A., Shinoda, J., Abo, M., & Nakamura, T. (2007). Tensor magnetic 
resonance imaging in a case of mild traumatic brain injury with lowered verbal 
intelligence quotient. Journal of Rehabilitation Medicine, 39(5), 418-420. 
Haut, M. W., Petros, T. V., & Frank, R. G. (1991a). Semantic sensitivity in the acute phase of 
recovery from moderate and severe closed head injury. Neuropsychology, 5(2), 81-88. 
Haut, M. W., Petros, T. V., Frank, R. G., & Haut, J. S. (1991b). Speed of processing within 
semantic memory following severe closed head injury. Brain & Cognition, 17, 31-41. 
Hawkins, K.A., Sledge, W.H., Orleans, J.F., Quinlan, D.M., Rakfeldt, J., & Huffman, R.E. 
(1993). Normative implications of the relationship between reading vocabulary and 
Boston naming test performance. Archives of Clinical Neuropsychology, 8(6), 525-
537. 
Heaton, R. K. (1981). A manual for the Wisconsin Card Sorting Test. Odessa, FL: 
Psychological Assessment Resources. 
Heckers, S. (2009). Neurobiology of schizophrenia spectrum disorders. Annals of the 
Academy of Medicine, 38(5), 431-432. 
Helps, Y., Henley, J., & Harrison, J.E. (2008). Hospital separations due to traumatic brain 
injury, Australia 2004-05. Injury Research and Statistics, Series Number 45. Cat. No. 
INJCAT 116. Adelaide: AIHW. 
Henik, A., Nissimov, E., Priel, B., & Umansky, R. (1995). Effects of cognitive load on 
semantic priming in patients with schizophrenia. Journal of Abnormal Psychology. 
104 (4), 576-584. 
 346 
Henik, A., Priel, B., & Umansky, R. (1992). Attention and automaticity in semantic 
processing of schizophrenic patients. Neuropsychiatry, Neuropsychology and 
Behavioral Neurology, 5, 161-169. 
Henik, A., & Salo, R. (2004). Schizophrenia and the Stroop effect. Behavioral & Cognitive 
Neuroscience Reviews, 3(1), 42-59. 
Henry, J. D., & Crawford, J. R. (2004). A meta-analytic review of verbal fluency 
performance in patients with traumatic brain injury. Neuropsychology, 18(4), 621-
628. 
Hermens, D. F., Ward, P. B., Redoblado Hodge, M. A., Kaur, M., Naismith, S. L., & Hickie, 
I. B. (2010). Impaired MMN/P3a complex in first-episode psychosis: Cognitive and 
psychosocial associations. Progress in Neuro-psychopharmacolology & Biological 
Psychiatry, 34, 822-829. 
Hersen, M. (2003). Comprehensive handbook of psychological assessment, industrial and 
organizational assessment (Vol. 4). New Jersey, USA: John Wiley & Sons Inc. 
Hillary, F. G., Genova, H. M., Medaglia, J. D., Fitzpatrick, N. M., Chiou, K. S., Wardecker, 
B. M.,…DeLuca, J. (2010). The nature of processing speed deficits in traumatic brain 
injury: Is less brain more? Brain Imaging & Behavior, 4, 141-154. 
Hillbom, E. (1960). After-effects of brain injuries. Acta Psychiatrica Neurologica 
Scandinavica, 142(suppl.), 1-195. 
Himanen, L., Portin, R., Isoniemi, H., Helenius, H., Kurki, T., & Tenovuo, O. (2006). 
Longitudinal cognitive changes in traumatic brain injury: A 30-year follow-up study. 
Neurology, 66, 187-192. 
Hinchliffe, F. J., Murdoch, B. E., & Chenery, H. J. (1998). Towards a conceptualization of 
language and cognitive impairment in closed-head injury: Use of clinical measures. 
Brain Injury, 12(2), 109-132. 
Hiscock, M., Inch, R., & Gleason, A. (2002). Raven's Progressive Matrices performance in 
adults with traumatic brain injury. Applied Neuropsychology, 9(3), 129-138. 
Ho, B.C., Andreasen, N.C., Nopoulos, P., Arndt, S., Magnotta, V., & Flaum, M. (2003). 
Progressive structural brain abnormalities and their relationship to clinical outcome: A 
longitudinal magnetic resonance imaging study early in schizophrenia. Archives of 
General Psychiatry, 60, 585-594. 
Hoenig, J.M., & Heisey, D.M. (2001). The abuse of power: The pervasive fallacy of power 
calculations for data analysis. The American Statistician, 55(1), 19-24. 
 347 
Hoff, A. L., Svetina, C., Shields, G., Steward, J., & DeLisi, L. E. (2005). Ten year 
longitudinal study of neuropsychological functioning subsequent to a first episode of 
schizophrenia. Schizophrenia Research, 78, 27-34. 
Hofer, A., Bodner, T., Kaufmann, A., Kemmler, G., Mattarei, U., Pfaffenberger, 
N.M.,…Fleischhacker, W.W. (2011). Symptomatic remission and neurocognitive 
functioning in patients with schizophrenia. Psychological Medicine, 22, 1-9. 
Hollan, J. D. (1975). Features and semantic memory: Set-theoretic or network model? 
Psychological Review, 82(2), 154-155. 
Hoofien, D., Gilboa, A., Vakil, E., & Donovick, P. J. (2001). Traumatic brain injury (TBI) 
10-20 years later: A comprehensive outcome study of psychiatric symptomatology, 
cognitive abilities and psychosocial functioning. Brain Injury, 15(3), 189-209. 
Honea, R., Crow, T., Palssingham, D., & Mackay, C. (2005). Regional deficits in brain 
volume in schizophrenia: A meta-analysis of voxel-based morphometry studies. 
American Journal of Psychiatry, 162(12), 2233-2245. 
Horn, H., Federspiel, A., Wirth, M., Muller, T., Wiest, R., Walter, S., & Strik, W. (2010). 
Gray matter volume differences specific to formal thought disorder in schizophrenia. 
Psychiatry Research, 182(2), 183-186. 
Houx, P. J., Shepherd, J., Blauw, G. J., Murphy, M. B., Ford, I., Bollen, E. L.,…Westendorp, 
R.G. (2002). Testing cognitive function in elderly populations: The PROSPER study. 
Journal of Neurology, Neurosurgery & Psychiatry, 73, 385-389. 
Howard, D., & Patterson, K. (1992). The Pyramids and Palm Trees Test. A test of semantic 
access from words and pictures. Bury St. Edmunds, UK: Thames Valley Company. 
Hulse, P., & Dudley, L. (2010). Visual perceptual deficiencies in the brain injury population: 
Management from start to finish. NeuroRehabilitation, 27, 269-274. 
Hung, G. B. K. (2007). A comparison of two methods for calculating total antipsychotic dose. 
Hong Kong Journal of Psychiatry, 17, 87-90. 
Huq, S. F., Garety, P. A., & Hemsley, D. R. (1988). Probabilistic judgements in deluded and 
non-deluded subjects. The Quarterly Journal of Experimental Psychology Section A, 
40(4), 801-812. 
Hutton, S. B., Puri, B. K., Duncan, L. J., Robbins, T. W., Barnes, T. R., & Joyce, E. M. 
(1998). Executive function in first-episode schizophrenia. Psychological Medicine, 
28(2), 463-473. 
Hux, K., Beukelman, D. R., Dombrovskis, M., & Snyder, R. (1993). Semantic organization 
following traumatic brain injury. Journal of Speech-Language Pathology, 1, 121-131. 
 348 
IBM Corporation. (2011). IBM Statistical Software Package SPSS-Version 19. Armonk, NY: 
IBM Corporation. 
Institute for Language, Cognition, and Computation (ILCC). (2010). The Semantic Space 
Model Database. Edinburgh, United Kingdom: The University of Edinburgh. 
Jackson, J.B.S. (1870). A descriptive catalogue of the Warren Anatomical Museum. Boston, 
USA: A. Williams & Company. 
Janowsky, J. S., Shimamura, A. P., Kritchevsky, M., & Squire, L. R. (1989). Cognitive 
impairment following frontal lobe damage and its relevance to human amnesia. 
Behavioral Neuroscience, 103(3), 548-560. 
Jespen, J. R., Fagerlund, B., Pagsberg, A. K., Christensen, A. M., Hilker, R. W., Nordentoft, 
M.,.. Mortensen, E.L. (2010). Course of intelligence deficits in early onset, first 
episode schizophrenia: A controlled, 5-year longitudinal study. European Child & 
Adolescent Psychiatry, 19(4), 341-351. 
Joanette, Y., & Goulet, P. (1986). Criterion-specific reduction of verbal fluency in right 
brain-damaged right-handers. Neuropsychologia, 24(6), 875-879. 
John, C. H., & Hemsley, D. R. (1992). Gestalt perception in schizophrenia. European 
Archives of Psychiatry and Clinical Neuroscience, 241, 215-221. 
Johnson, S. C., Bigler, E. D., Burr, R. B., & Blatter, D. D. (1994). White matter atrophy, 
ventricular dilation and intellectual functioning following traumatic brain injury. 
Neuropsychology, 8(3), 307-315. 
Johnstone, A., Gleeson, J., & Rossell, S. L. (2009). Evidence of semantic disorganisation in 
schizotypy using an indirect priming task. Journal of Nervous and Mental Disease, 
196(9), 694-701. 
Johnstone, B., Hexum, C. L., & Ashkanazi, G. (1995). Extent of cognitive decline in 
traumatic brain injury based on estimates of premorbid intelligence. Brain Injury, 
9(4), 377-384. 
Joshua, N., & Rossell, S. L. (2009). Configural face processing in schizophrenia. 
Schizophrenia Research, 112(1-3), 99-103. 
Joyce, E. M., Collinson, S. L., & Crichton, P. (1996). Verbal fluency in schizophrenia: 
Relationship with executive function, semantic memory and clinical alogia. 
Psychological Medicine, 26(1), 39-49. 
Jurado, M. A., Junque, C., Pujol, J., Oliver, B., & Vendrell, P. (1997). Impaired estimation of 
word occurrence frequency in frontal lobe patients. Neuropsychologia, 35(5), 635-
641. 
 349 
Jurado, M. A., Mataro, M., Verger, K., Bartumeus, F., & Junque, C. (2000). Phonemic and 
semantic fluencies in traumatic brain injury patients with focal frontal lesions. Brain 
Injury, 14(9), 789-795. 
Kalkstein, S., Hurford, I., & Gur, R. C. (2010). Neurocognition in schizophrenia. Current 
Topics in Behavioral Neurosciences, 4, 373-390. 
Kang, S. S., Dionisio, D. P., & Sponheim, S. R. (2011). Abnormal mechanisms of 
antisaccade generation in schizophrenia patients and unaffected biological relatives of 
schizophrenia patients. Psychophysiology, 48(3), 350-361. 
Kaplan, E., Goodlass, H., & Weintraub, S. (2001). Boston Naming Test. Philadelphia, PA: 
Lea and Febiger.  
Kaplan, O., & Lubow, R. E. (2010). Ignoring irrelevant stimuli in latent inhibition and Stroop 
paradigms: The effect of schizotypy and gender. Psychiatry Research, 186(1), 40-45. 
Karageorgiou, E., Schulz, S. C., Gollub, R. L., Andreasen, N. C., Ho, B. C., Lauriello, J.,… 
Georgopoulos, A.P. (2011). Neuropsychological testing and structural magnetic 
resonance imaging as diagnositc biomarkers early in the course of schizophrenia and 
related psychoses. Neuroinformatics, 9(4), 321-333.  
Kave, G., Heled, E., Vakil, E., & Agranov, E. (2011). Which verbal fluency measure is most 
useful in demonstrating executive deficits after traumatic brain injury. Journal of 
Clinical and Experimental Neuropsychology, 33(3), 358-365. 
Kay, J. B., & Warschausky, S. (1999). WISC-III index growth curve characteristics following 
traumatic brain injury. Journal of Clinical and Experimental Neuropsychology, 21(2), 
186-199. 
Kay, S. R., Fiszbein, A., & Opler, L. A. (1987). The Positive and Negative Syndrome Scale 
(PANSS) for schizophrenia. Schizophrenia Bulletin, 13(2), 261-276. 
Kay, S. R., Opler, L. A., & Lindenmayer, J. P. (1988). Reliability and validity of the Positive 
and Negative Syndrome Scale for schizophrenics. Psychiatry Research, 23, 99-110. 
Kelly, J. F., Magill, M., Slaymaker, V., & Kahler, C. (2010). Psychometric validation of the 
Leeds Dependence Questionnaire (LDQ) in a young adult clinical sample. Addictive 
Behaviors, 35(4), 331-336. 
Kelts, E. A. (2010). Traumatic brain injury and visual dysfunction: A limited overview. 
NeuroRehabilitation, 27, 223-229. 
Kennedy, M. R. (2001). Retrospective confidence judgements made by adults with traumatic 
brain injury: Relative and absolute accuracy. Brain Injury, 15(6), 469-487. 
  
 350 
Keri, S., Kiss, I., Kelemen, O., Benedek, G., & Janka, Z. (2005). Anomalous visual 
experiences, negative symptoms, perceptual organization and the magnocellular 
pathway in schizophrenia: A shared construct? Psychological Medicine, 35, 1445-
1455. 
Kerns, J. G., & Becker, T. M. (2008). Communication disturbances, working memory, and 
emotion in people with elevated disorganized schizotypy. Schizophrenia Research, 
100(1-3), 172-180. 
Kerr, C. (1995). Dysnomia following traumatic brain injury: An information-processing 
approach to assessment. Brain Injury, 9, 777-796. 
Kersel, D. A., Marsh, N. V., Havill, J. H., & Sleigh, J. W. (2001). Neuropsychological 
functioning during the year following severe traumatic brain injury. Brain Injury, 
15(4), 283-296. 
Keshavan, M.S., Nasrallah, H.A., & Tandon, R. (2011). Schizophrenia, “Just the Facts” 6. 
Moving ahead with the schizophrenia concept: From the elephant to the mouse. 
Schizophrenia Research, 127, 3-13. 
Keshavan, M.S., Tandon, R., Boutros, N.N., & Nasrallah, H.A. (2008). Schizophrenia, “Just 
the Facts”: What we know in 2008. Part 3. Neurobiology. Schizophrenia Research, 
106, 89-107. 
Kim, E. (2008). Does traumatic brain injury predispose individuals to develop schizophrenia? 
Current Opinion in Psychiatry, 21(3), 286-289. 
King, K. A., Hough, M. S., Vos, P., Walker, M. M., & Givens, G. (2006). Word retrieval 
following mild TBI: Implications for categorical deficits. Aphasiology, 20, 233-245. 
Kinsella, G., Murtagh, D., Landry, A., Homfray, K., Hammond, M., O'Beirne, L.,…Ponsford, 
J. (1996). Everyday memory following traumatic brain injury. Brain Injury, 10, 499-
507. 
Kircher, T., Krug, A., Markov, V., Whitney, C., Krach, S., Zerres, K.,…Rietschel, M. (2009). 
Genetic variation in the schizophrenia-risk gene Neuregulin I correlates with brain 
activation and impaired speech production in a verbal fluency task in healthy 
individuals. Human Brain Mapping, 30, 3406-3416. 
Knight, R. A., Manoach, D. S., Elliott, D. S., & Hershenson, M. (2000). Perceptual 
organization in schizophrenia: The processing of symmetrical configurations. Journal 
of Abnormal Psychology, 109(4), 575-587. 
  
 351 
Knight, R. A., & Silverstein, S. M. (1998). The role of cognitive psychology in guiding 
research on cognitive deficits in schizophrenia: A process-oriented approach. In M. F. 
Lenzenweger & R. H. Dworkin (Eds.), Origins and development of schziophrenia 
advances in experimental psychopathology (pp. 247-295). Washington, D.C.: APA 
Press. 
Knowles, E. E. M., David, A. S., & Reichenberg, A. (2010). Processing speed deficits in 
schizophrenia: Reexamining the evidence. American Journal of Psychiatry, 167, 828-
835. 
Koponen, S., Taiminen, T., Kurki, T., Portin, R., Isoniemi, H., Himanen, L.,…Tenovuo, O. 
(2006). MRI findings and Axis I and II psychiatric disorders after traumatic brain 
injury: A 30-year retrospective follow-up study. Psychiatry Research: Neuroimaging, 
146(3), 263-270. 
Koponen, S., Taiminen, T., Portin, R., Himanen, L., Isoniemi, H., Heinonen, H.,…Tenovuo, 
O. (2002). Axis I and II psychiatric disorders after traumatic brain injury: A 30-year 
follow-up study. American Journal of Psychiatry, 159(8), 1315-1321. 
Kosmidis, M. H., Bozikas, V. P., Vlahou, C. H., Kiosseoglou, G., Giaglis, G., & Karavatos, 
A. (2005). Verbal fluency in institutionalized patients with schizophrenia: Age-related 
performance decline. Psychiatry Research, 134(3), 233-240. 
Kovacs, I., Polat, U., & Norcia, A.M. (1996). Breakdown of binding mechanisms in 
amblyopia. Investigative Ophthalmology and Visual Science (Suppl.), 37, S670.  
Kovacs, I., Polat, U., Pennefather, P. M., Chandna, A., & Norcia, A. M. (2000). A new test of 
contour integration deficits in patients with a history of disrupted binocular 
experience during visual development. Vision Research, 40(13), 1775-1783. 
Krabbendam, L., & Aleman, A. (2003). A cognitive rehabilitation in schizophrenia: A 
quantitative analysis of controlled studies. Psychopharmacology, 169, 376-382. 
Krabbendam, L., O'Daly, O., Morley, L. A., Van Os, J., Murray, R. M., & Shergill, S. S. 
(2009). Using the Stroop task to investigate the neural correlates of symptom change 
in schizophrenia. The British Journal of Psychiatry, 194, 373-374. 
Kraepelin, E. (1913). Dementia praecox and paraphrenia. Edinburgh, Scotland: Livingstone. 
Krawczyk, D. C., Hanten, G., Wilde, E. A., Li, X., Schnelle, K. P., Merkley, T. L.,…Levin, 
H.S. (2010). Deficits in analogical reasoning in adolescents with traumatic brain 
injury. Frontiers in Human Neuroscience, 4(62), 1-13. 
  
 352 
Kremen, W. S., Seidman, L. J., Faraone, S. V., & Tsuang, M. T. (2003). Is there 
disproportionate impairment in semantic or phonemic fluency in schizophrenia? 
Journal of the International Neuropsychological Society, 9, 79-88. 
Kubicki, M., Niznikiewicz, M. A., Connor, E., Ungar, L., Nestor, P. G., Bouix, S.,…Shenton, 
M. (2009). Relationship between white matter integrity, attention, and memory in 
schizophrenia: A diffusion tensor imaging study. Brain Imaging & Behaviour, 3(2), 
191-201. 
Kucera, H., & Francis, W. N. (1967). Computational analysis of present-day American 
English. Providence: Brown University Press. 
Kumar, C. T., Christodoulou, T., Vyas, N. S., Kyriakopoulos, M., Corrigall, R., Reichenberg, 
A.,…Frangou, S. (2010). Deficits in visual sustained attention differentiate genetic 
liability and disease expression for schizophrenia from bipolar disorder. 
Schizophrenia Research, 124, 1-3. 
Kumari, V., Antonova, E., & Geyer, M. A. (2008). Prepulse inhibition and "psychosis-
proneness" in healthy individuals: An fMRI study. European Psychiatry, 23(4), 274-
280. 
Kuperberg, G. R. (2010). Language in schizophrenia part 1: An introduction. Language and 
Linguistic Compass, 4(8), 576-589. 
Kurtz, M.M., Moberg, P.J., Gur, R.C., & Gur, R.E. (2001). Aproaches to cognitive 
remediation of neuropsychological deficits in schizophrenia. A review and meta-
analsysis. Neuropsychological Review, 11, 197-210.  
Kurtz, M.M., Seltzer, J.C., Fujimoto, M., Shagan, D.S., & Wexler, B.E. (2009). Predictors of 
change in life skills in schizophrenia after cognitive rememdiation. Schizophrenia 
Research, 107(2-3),  267-274.  
Kwapil, T.R., Hegley, D.C., Chapman, L.J., & Chapman, J.P. (1990). Facilitation of word 
recognition by semantic priming in schizophrenia. Journal of Abnormal Psychology, 
99, 215-221. 
Kyriakopoulos, M., Dima, D., Roiser, J.P., Corrigall, R., Barker, G.J., & Frangou, S. (2012). 
Abnormal functional activation and connectivity in the working memory network in 
early-onset schizophrenia. Journal of the American Academy of Child and Adolescent 
Psychiatry, 51(9), 911-920. 
Lajiness-O'Neill, R., Erdodi, L., & Bigler, E. D. (2010). Memory and learning in pediatric 
traumatic brain injury: A review and examination of moderators of outcome. Applied 
Neuropsychology, 17(2), 83-92.  
 353 
Landgraf, S., Amado, I., Purkhart, R., Ries, J., Olie, J.P., & van der Meer, E. (2011).  
Visuo-spatial cognition in schizophrenia: Confirmation of a preference for local 
information processing. Schizophrenia Research, 127(1-3), 163-170. 
Landro, N. I., & Ueland, T. (2008). Verbal memory and verbal fluency in adolescents with 
schizophrenia spectrum disorders. Psychiatry and Clinical Neurosciences, 62, 653-
661. 
Langdon, R., Ward, P. B., & Coltheart, M. (2010). Reasoning anomalies associated with 
delusions in schizophrenia. Schizophrenia Bulletin, 36(2), 321-330. 
Larson, M. J., Kaufman, D. A. S., Schmalfuss, I. M., & Perlstein, W. M. (2007). Performance 
monitoring, error processing, and evaluative control following severe TBI. Journal of 
the International Neuropsychological Society, 13, 961-971. 
Lawrie, S.M., & Abukmeil, S.S. (1998). Brain abnormality in schizophrenia. A systematic 
and quantitative review of volumetric magnetic resonance imaging studies. British 
Journal of Psychiatry, 172, 110-120. 
Lawrie, S.M., Whalley, H., Kestelman, J.N., Abukmeil, S.S., Byrne, M., Hodges, A.,… 
Johnstone, E.C. (1999). Magnetic resonance imaging of brain in people at high risk of 
developing schizophrenia. Lancet, 353, 30-33.  
Laws, K. R., Patel, D. D., & Tyson, P. J. (2008). Awareness of everyday executive 
difficulties precede overt executive dysfunction in schizotypal subjects. Psychiatry 
Research, 160(1), 8-14. 
Leavitt, V. M., & Goldberg, T. E. (2009). Episodic memory in schizophrenia. 
Neuropsychology Review, 19(3), 312-323. 
LeBlanc, N., Chen, S., Swank, P. R., Ewing-Cobbs, L., Barnes, M., Dennis, M.,…Schachar, 
R. (2005). Response inhibition after traumatic brain injury (TBI) in children: 
Impairment and recovery. Developmental Neuropsychology, 28(3), 829-848. 
LeBlanc, J., de Guise, E., Feyz, M., & Lamoureux, J. (2006). Early prediction of language 
impairment following traumatic brain injury. Brain Injury, 20(13-14), 1391-1401. 
Liemburg, E.J., van der Meer, L., Swart, M., Curcic-Blake, B., Bruggeman, R., Knegtering, 
H., & Aleman, A. (2012). Reduced connectivity in the self-processing network of 
schizophrenia patients with poor insight. PLoS ONE, 7(8). Advance online 
publication.   doi:10.1371/journal.pone.0042707 
  
 354 
Leininger, B. E., Gramling, S. E., Farrell, A. D., Kreutzer, J. S., & Peck, E. A. (1990). 
Neuropsychological deficits in symptomatic minor head injury patients after 
concussion and mild concussion. Journal of Neurology, Neurosurgery & Psychiatry, 
53(4), 293-296. 
Levin, H. S., Culhane, K. A., Mendelsohn, D., Lilly, M. A., Bruce, D., Fletcher, J. 
M.,…Eisenberg, H.M. (1993). Cognition in relation to magnetic resonance imaging in 
head-injured children and adolescents. Archives of Neurology, 50, 897-905. 
Levin, H. S., & Goldstein, F. C. (1986). Organization of verbal memory after severe closed-
head injury. Journal of Clinical and Experimental Neuropsychology, 8, 643-656. 
Levin, H. S., High, W. M., Goldstein, F. C., & Williams, D. H. (1988). Sustained attention 
and information processing speed in chronic survivors of severe closed head injury. 
Scandinavian Journal of Rehabilitation Medicine, Suppl., 17, 33-40. 
Levin, H. S., Williams, D. H., Valastro, M., Eisenberg, H. M., Crofford, M. J., & Handel, S. 
(1990). Corpus collosum atrophy following closed head injury: Detection with 
magnetic resonance imaging. Journal of Neurosurgery, 73, 77-81. 
Levine, T. R., & Hullett, C. R. (2002). Eta-squared, partial eta-squared, and misreporting of 
effect size in communication research. Human Communication Research, 28, 612-
625. 
Levy, D. L., Coleman, M. J., Sung, H., Ji, F., Matthysse, S., Mendell, R., & Titone, D. 
(2010). The genetic basis of thought disorder and language and communication 
disturbances in schizophrenia.  Journal of Neurolinguistics, 23(3), 1-23. 
Lew, H. L., Lee, E. H., Pan, S. S. L., & Date, E. S. (2004). Electrophysiologic abnormalities 
of auditory and visual information processing in patients with traumatic brain injury. 
American Journal of Physical Medicine & Rehabilitation, 83(6), 428-433. 
Lewandowski, K. E., Cohen, B. M., & Ongur, D. (2011). Evolution of neuropsychological 
dysfunction during the course of schizophrenia and bipolar disorder. Psychological 
Medicine, 41(2), 225-241. 
Lezak, M. D. (1979). Recovery of memory and learning functions following traumatic brain 
injury. Cortex, 15(63-72). 
Lezak, M. D., Howieson, D. B., & Loring, D. W. (2004). Neuropsychological Assessment. 
New York, NY: Oxford University Press. 
Liddle, P.F. (1987). The symptoms of chronic schizophrenia. A re-examination of the 
positive-negative dichotomy. British Journal of Psychiatry, 151, 145-151. 
 
 355 
Lieberman, J., Chakos, M., Wu, H., Alvir, J., Hoffman, E., Robinson, D., & Bilder, R. 
(2001). Longitudinal study of brain morphology in first episode schizophrenia. 
Biological Psychiatry, 49, 487-499. 
Lin, A., Wood, S.J., Nelson, B., Brewer, W.J., Spiliotacopoulos, D., Bruxner, A.,…Yung, 
A.R. (2011). Neurocognitive predictors of functional outcome two to 13 years after 
identification as ultra-high risk for psychosis. Schizophrenia Research, 132(1), 1-7. 
Lincoln, T. M., Ziegler, M., Mehl, S., & Rief, W. (2010). The jumping to conclusions bias in 
delusions: Specificity and changeability. Journal of Abnormal Psychology, 119(1), 
40-49. 
Linney, Y. M., Peters, E. R., & Ayton, P. (1998). Reasoning biases in delusion-prone 
individuals. British Journal of Clinical Psychology, 37(3), 285-302. 
Lipton, M. L., Gulko, E., Zimmerman, M. E., Friedman, B. W., Kim, M., Gellella, 
E.,…Branch, C.A.(2009). Diffusion-tensor imaging implicates prefrontal axonal 
injury in executive function impairment following very mild traumatic brain injury. 
Radiology, 252(3), 816-824. 
Lobbestael, J., Leurgans, M., & Arntz, A. (2011). Inter-rater reliability of the Structured 
Clinical Interview for DSM-IV Axis I Disorders (SCID-I) and Axis II Disorders 
(SCID II). Clinical Psychology and Psychotherapy, 18(1), 75-79. 
Logan, G. D. (1994). On the ability to inhibit thought and action: A users' guide to the stop 
signal paradigm. San Diego, CA: Academic Press. 
Lorch, R. F. (1982). Priming and search processes in semantic memory: A test of three 
models of spreading activation. Journal of Verbal Learning & Verbal Behavior, 
21(4), 468-492. 
Lorch, R. F., Balota, D. A., & Stamm, E. G. (1986). Locus of inhibition effects in the priming 
of lexical-decisions: Pre- or postlexical access? Memory and Cognition, 14(2), 95-
103. 
Lucas, M. (2000). Semantic priming without association: A meta-analytic review. 
Psychonomic Bulletin & Review, 7(4), 618-630. 
MacCabe, J.H., Brebion, G., Reichenberg, A., Ganguly, T., McKenna, P.J., Murray, R.M., & 
David, A.S. (2012). Superior intellectual ability in schizophrenia: Neuropsychological 
characteristics. Neuropsychology, 26(2), 181-190.  
MacDonald, A.W., & Schulz, S.C. (2009). What we know: Findings that every theory of 
schizophrenia should explain. Schizophrenia Bulletin, 35(3), 493-508. 
 356 
MacLeod, C. M. (1991). Half a century of research on the Stroop effect: An integrative 
review. Psychological Bulletin, 109(2), 163-203. 
MacMillan, M. (2000). Restoring Phineas Gage: A 150th retrospective. Journal of the 
History of the Neurosciences, 9(1), 42-62. 
MacNeill Horton Jr., A., Soper, H. V., & Reynolds, C. R. (2010). Executive functions in 
children with traumatic brain injury. Applied Neuropsychology, 17(2), 99-103. 
Madigan, N. K., DeLuca, J., Diamond, B. J., Tramontano, G., & Averill, A. (2000). Speed of 
information processing in traumatic brain injury: Modality-specific factors. Journal of 
Head Trauma and Rehabilitation, 15(3), 943-956. 
Maher, B. A. (1974). Delusional thinking and perceptual disorder. Journal of Individual 
Psychology, 30, 98-113. 
Maher, B. A. (1992). Delusions: Contemporary etiological hypotheses. Psychiatric Annals, 
22, 260-268. 
Mainio, A., Kyllönen, T., Viilo, K., Hakko, H., Särkioja, T., & Räsänen, P. (2007). Traumatic 
brain injury, psychiatric disorders and suicide: A population-based study of suicide 
victims during the years 1988–2004 in Northern Finland. Brain Injury, 21(8), 851–
855. 
Malaspina, D., Goetz, R. R., Friedman, J. H., Kaufmann, C. A., Faraone, S. V., Tsuang, 
M.,…Blehar, M.C. (2001). Traumatic brain injury and schizophrenia in members of 
schizophrenia and bipolar disorder pedigrees. American Journal of Psychiatry, 158, 
440-446. 
Malina, A., Regan, T., Bowers, D., & Millis, S. (2001). Psychometric analysis of the Visual 
Form Discrimination Test. Perceptual and Motor Skills, 92(2), 449-455. 
Mane, A., Falcon, C., Mateos, J.J., Fernandez-Egea, E., Horga, G.,  Lomena, F., …Parellada, 
E. (2009). Progressive gray matter changes in first episode schizophrenia: A 4-year 
longitudinal magnetic resonance study using VBM. Schizophrenia Research, 114, 
136-143. 
Mani, T. M., Miller, L. S., Yanasak, N., & Macciocchi, S. (2007). Variability in Stroop task 
performance and functional activation among a small brain injured group. Neurocase: 
Case Studies in Neuropsychology, Neuropsychiatry, and Behavioural Neurology, 
13(4), 229-236. 
Manoach, D. S., Lindgren, S. D., Cherkasova, M. V., Goff, D. C., Halpern, E. F., Intriligator, 
J.,… Barton, J.J.S. (2002). Schizophrenic subjects show deficient inhibition but intact 
task switching on saccadic tasks. Biological Psychiatry, 51, 816-826. 
 357 
Manschreck, T.C., Maher, B.A., Milavetz, J.J., Ames, D., Weissteein, C.C., & Schneyer, 
M.L. (1988). Semantic priming in thought disordered schizophrenia patients. 
Schizophrenia Research, 1, 61-66.  
Martin, A., Wiggs, C. L., Lalonde, F., & Mack, C. (1994). Word retrieval to letter and 
semantic cues: A double dissociation in normal subjects using interference tasks. 
Neuropsychologia, 32(12), 1487-1494. 
Martin, R. C., Loring, D. W., Meador, K. J., & Lee, G. P. (1990). The effects of lateralized 
temporal lobe dysfunction on formal and semantic word fluency. Neuropsychologia 
28(8), 823-829. 
Martinez, A., Moses, P., Frank, L., Buxton, R., Wong, E., & Stiles, J. (1997). Hemispheric 
asymmetries in global and local processing: Evidence from fMRI. NeuroReport, 8, 
1685-1689.  
Martino, D.J., Bucay, D., Butman, J.T., & Allegri, R.F. (2007). Neuropsychological frontal 
impairments and negative symptoms in schizophrenia. Psychiatry Research, 152, 121-
128. 
Mateer, C. A., & Mapou, R. L. (1996). Understanding, evaluating, and managing attention 
disorders following traumatic brain injury. Journal of Head Trauma & Rehabilitation, 
11, 1-16. 
Mathalon, D.H., Faustman, W.O., & Ford, J.M. (2002). N400 and automatic semantic 
processing abnormalities in patients with schizophrenia. Archives of General 
Psychiatry, 59, 641–648. 
Mathalon, D.H., Sullivan, E.V., Lim, K.O., & Pfefferbaum, A. (2001). Progressive brain 
volume changes in the clinical course of schizophrenia in men: A longitudinal 
magnetic resonance imaging study. Archives of General Psychiatry, 58(2), 148-157. 
Mathias, J. L., & Coats, J. L. (1999). Emotional and cognitive sequelae to mild traumatic 
brain injury. Journal of Clinical and Experimental Neuropsychology, 21(2), 200-215. 
Mathias, J. L., & Weaton, P. (2007). Changes in attention and information-processing speed 
following severe traumatic brain injury: A meta-analytic review. Neuropsychology, 
21(2), 212-223. 
Maynard, T.M., Sikich, L., Lieberman, J.A., & LaMantia, A.S. (2001). Neural development, 
cell-cell signalling, and the “two-hit” hypothesis of schizophrenia. Schizophrenia 
Bulletin, 27(3), 457-476. 
 358 
Max, J. E., Lindgren, S. D., Knutson, C., Pearson, C. S., Ihrig, D., & Welborn, A. (1997). 
Child and adolescent traumatic brain injury: Psychiatric findings from a paediatric 
outpatient speciality clinic. Brain Injury, 11(10), 699-712. 
McAllister, T. W., & Ferrell, R. B. (2002). Evaluation and treatment of psychosis after 
traumatic brain injury. NeuroRehabilitation, 17(4), 357–368. 
McAllister, T. W., Saykin, A. J., Flashman, L. A., Sparling, M. B., Johnson, S. C., Guerin, S. 
J.,…Yanofsky, N. (1999). Brain activation during working memory 1 month after 
mild traumatic brain injury: A functional MRI study. Neurology, 53(6), 1300-1308. 
McClelland, J. L. (1981). Retrieving general and specific information from stored knowledge 
of specifics. Paper presented at the Third Annual Conference of the Cognitive Science 
Society. 
McClelland, J. L., & Rumelhart, D. E. (1985). Distributed memory and the representation of 
general and specific information. Journal of Experimental Psychology: General, 114, 
159-188. 
McFarland, K., & Anderson, J. (1980). Factor stability of the Edinburgh Handedness 
Inventory as a function of test-retest performance, age and sex. British Journal of 
Psychology, 71, 135-142. 
McGrath, J.J. (2006). Variations in the incidence of schizophrenia: Data versus dogma. 
Schizophrenia Bulletin, 32(1), 195-197. 
McGuffin, P., Asherson, P., Owen, M., & Farmer, A. (1994). The strength of the genetic 
effect. Is there room for an environmental influence in the aetiology of schizophrenia? 
The British Journal of Psychiatry, 164, 593-599. 
McGurk, S.R., & Meltzer, H.Y. (2000). The role of cognition in vocational functioning in 
schizophrenia. Schizophrenia Research, 45(3), 175-184. 
McGurk, S.R., & Mueser, K.T. (2006). Cognitive and clinical predictors of work outcomes in 
clients with schizophrenia receiving supported employment services: 4-year follow-
up. Administration and Policy in Mental Health, 33(5), 598-606.  
McGurk, S.R., Mueser, K.T., Derosa, T.J., & Wolfe, R. (2009). Work, recovery, and 
comorbidity in schizophrenia: A randomized controlled trial of cognitive remediation. 
Schizophrenia Bulletin, 35(2), 319-335.  
McGurk, S.R., Mueser, K.T., Feldman, K., Wolfe, R., & Pascaris, A. (2007).  Cognitive 
training for supported employment: 2-3 year outcomes of a randomized controlled 
trial. The American Journal of Psychiatry, 164(3), 437-441.  
 359 
McGurk, S.R., Mueser, K.T., & Pascaris, A. (2005). Cognitive training and supported 
employment for persons with severe metnal illness: One-year results from a 
randomized controlled trial. Schizophrenia Bulletin, 31(4), 898-909.  
McGurk, S.R., Twamley, E.W., Sitzer, D.I., McHugo, G.J., & Mueser, K.T. (2007). A meta-
analysis of cognitive remediation in schizophrenia. American Journal of Psychiatry, 
164 (12). 1791-1802. 
McKay, C., Wertheimer, J. C., Fichtenberg, N. L., & Casey, J. E. (2008). The Repeatable 
Battery for the Assessment of Neuropsychcological Status (RBANS): Clinical utility 
in a traumatic brain injury sample. Clinical Neuropsychologist, 1-14. 
McKay, R., Langdon, R., & Coltheart, M. (2006). Need for closure, jumping to conclusions, 
and decisiveness in delusion-prone individuals. Journal of Nervous and Mental 
Disease, 194, 422-426. 
McKay, R., Langdon, R., & Coltheart, M. (2007). Jumping to delusions? Paranoia, 
probabilistic reasoning, and need for closure. Cognitive Neuropsychiatry, 12(4), 362-
376. 
McKenna, K., Cooke, D. M., Fleming, J., Jefferson, A., & Ogden, S. (2006). The incidence 
of visual perceptual impairment in patients with severe traumatic brain injury. Brain 
Injury, 20(5), 507-518. 
McKeon, J., McGuffin, P., & Robinson, P. (1984). Obsessive-compulsive neurosis following 
head injury: A report of four cases. British Journal of Psychiatry, 144, 190-192.  
McKoon, G., & Ratcliff, R. (1992). Spreading activation versus compound cue accounts of 
priming: Mediated priming revisited. Journal of Experimental Psychology: Learning, 
Memory & Cognition, 18(6), 1155-1172. 
McNamara, T. P. (2005). Semantic priming: perspectives from memory and word 
recognition. New York, NY: Psychology Press. 
McWilliams, J., & Schmitter-Edgecombe, M. (2008). Semantic memory organization during 
the early stage of recovery from traumatic brain injury. Brain Injury, 22(3), 243-253. 
Meda, S.A., Gill, A., Stevens, M.C., Lorenzoni, R.P., Glahn, D.C., Calhoun, V.D.,… 
Pearlson, G.D. (2012). Differences in resting-state functional magnetic resonance 
imaging functional network connectivity between schizophrenia and psychotic bipolar 
probands and their unaffected first-degree relatives. Biological Psychiatry, 71(10), 
881-889. 
Medalia, A., & Choi, J. (2009). Cognitive remediation in schizophrenia. Neuropsychological 
Review, 19(3), 353-364.  
 360 
Menon, M., Pomarol-Clotet, E., McKenna, P. J., & McCarthy, R. A. (2011). Probabilistic 
reasoning in schizophrenia: A comparison of the performance of deluded and 
nondeluded schizophrenic patients and exploration of possible cognitive 
underpinnings. Cognitive Neuropsychiatry, 11(6), 521-536. 
Mercado, C. L., Johannesen, J. K., & Bell, M. D. (2011). Thought disorder severity in 
compromised, deteriorated, and preserved intellectual course of schizophrenia. 
Journal of Nervous and Mental Disease, 199(2), 111-116. 
Merkley, T. L., Bigler, E. D., Wilde, E. A., McCauley, S. R., Hunter, J. V., & Levin, H. S. 
(2008). Diffuse changes in cortical thickness in pediatric moderate-to-severe 
traumatic brain injury. Journal of Neurotrauma, 25, 1343-1345. 
Meyer, A. (1904). The anatomical facts and clinical varieties of traumatic insanity.  American 
Journal of Insanity, 60(3), 373-441. 
Miceli, G., Caltagirone, C., Gainotti, G., Masullo, C., & Silveri, M. C. (1981). 
Neuropsychological correlates of localized cerebral lesions in non-aphasic brain-
demaged patients. Journal of Clinical & Experimental Neuropsychology, 3(1), 53-63. 
Miller, E. M. (1994). Intelligence and brain myelination: A hypothesis. Personality and 
Individual Differences, 17(6), 803-832. 
Miller, G.A., & Chapman, J.P. (2001). Misunderstanding analysis of covariance. Journal of 
Abnormal Psychology, 110(1), 40-48.  
Minzenberg, M. J., Ober, B. A., & Vinogradov, S. (2002). Semantic priming in 
schizophrenia: A review and synthesis. Journal of the International 
Neuropsychological Society, 8(5), 699-720. 
Mitchie, P.T., Kent, A., Stientstra, R., Castine, R., Johnston, J., Dedman, K.,…Jablensky, A. 
(2000). Phenotypic markers as risk factors in schizophrenia: Neurocognitve functions. 
Australian & New Zealand Journal of Psychiatry, 34, S74-S85.   
Moore, D. J., Savla, G. N., Woods, S. P., Jeste, D. V., & Palmer, B. W. (2006). Verbal 
fluency impairments among middle-aged and older outpatients with schizophrenia are 
characterized by deficient switching. Schizophrenia Research, 87, 254-260. 
Moran, C., & Gillon, G. (2004). Language and memory profiles of adolescents with traumatic 
brain injury. Brain Injury, 18(3), 273-288. 
Morgan, C., Bedford, N., & Rossell, S. L. (2006). Evidence of semantic disorganisation using 
semantic priming in individuals with high schizotypy. Schizophrenia Research, 84(2-
3), 272-280. 
 361 
Morgan, V.A., Waterreus, A., Jablensky, A., Mackinnon, A., McGrath, J.J., Carr, V.,…Saw, 
S. (2011). People living with psychotic illness 2010. Report on the second Australian 
national survey. Canberra, ACT: Department of Health and Aging, Australian 
Government.  
Morice, R., & Delahunty, A. (1996). Frontal/executive impairments in schizophrenia. 
Schizophrenia Bulletin, 22(1), 125-137. 
Moritz, S., Veckenstedt, R., Hottenrott, B., Woodward, T. S., Randjbar, S., & Lincoln, T. M. 
(2010). Different sides of the same coin? Intercorrelations of cognitive biases in 
schizophrenia. Cognitive Neuropsychiatry, 15(4), 406-421. 
Moritz, S., Veckenstedt, R., Randjbar, S., Hottenrott, B., Woodward, T. S., von Eckstaedt, F. 
V.,… Lincoln, T.M. (2009). Decision making under uncertainty and mood induction: 
Further evidence for liberal acceptance in schizophenia. Psychological Medicine, 
39(11), 1821-1829. 
Moritz, S., Woodward, T. S., & Lambert, M. (2007). Under what circumstaces do patients 
with schizophrenia jump to conclusions? A liberal acceptance account. British 
Journal of Clinical Psychology, 46(2), 127-137. 
Morrens, M., Hulstijn, W., Matton, C., Madani, Y., van Bouwel, L., Peuskens, J.,… Sabbe, 
B.G.C. (2008). Delineating psychomotor slowing from reduced processing speed in 
schizophrenia. Cognitive Neuropsychiatry, 13(6), 457-471. 
Morris, P. G., Wilson, J. T., Dunn, L. T., & Teasdale, G. M. (2005). Premorbid intelligence 
and brain injury. British Journal of Clinical Psychology, 44(2), 209-214. 
Morrison, R. G., Krawczyk, D. C., Holyoak, K. J., Hummel, J. E., Chow, T. W., Miller, B. 
L., & Knowlton, B.J. (2004). A neurocomputational model of analogical reasoning 
and its breakdown in frontotemporal lobar degeneration. Journal of Cognitive 
Neuroscience, 16(2), 260-271. 
Morsanyi, K., & Holyoak, K. J. (2010). Analogical reasoning ability in autistic and typically 
developing children. Developmental Science, 13(4), 578-587. 
Moss, A. R., & Dowd, T. (1991). Does the NART hold after head injury? A case report. 
British Journal of Clinical Psychology, 30, 179-180. 
Moss, H. E., Ostrin, R. K., Tyler, L. K., & Marslen-Wilson, W. D. (1995). Accessing 
different types of lexical semantic information: Evidence from priming. Journal of 
Experimental Psychology: Learning Memory and Cognition, 21(4), 863-883. 
 362 
Muller, R. A., Rothermel, R. D., Behen, M. E., Muzik, O., Mangner, T. J., & Chugani, H. T. 
(1997). Receptive and expressive language activations for sentences: A PET study. 
NeuroReport, 8(17), 3767-3770. 
Mummery, C. J., Patterson, K., Price, C. J., Ashburner, J., Frackowiak, R. S. J., & Hodges, J. 
R. (2000). A voxel-based morphometry strudy of semantic dimentia: Relationship 
between temporal lobe atrophy and semantic memory. Annals of Neurology, 47, 36-
45. 
Murrey, G. J., Starzinski, D. T., & LeBlanc, A. J. (2004). Base rates of traumatic brain injury 
history in adults admitted to state psychiatric hospitals: A 3-year study. Rehabilitation 
Psychology, 49(3), 259–261. 
Must, A., Janka, Z., & Horvath, S. (2011). Schizophrenia, environment and epigenetics. 
Neuropsychopharmacologica Hungarica, 13(4), 211-217. 
Myin-Germeys, I., Krabbendam, L., & van Os, J. (2003).  Continuity of psychotic symptoms 
in the community. Current Opinion in Psychiatry, 16, 443-449.  
Nasrallah, H., Tandon, R., & Keshavan, M. (2011). Beyond the facts in schizophrenia: 
Closing the gaps in diagnosis, pathophysiology, and treatment. Epidemiology and 
Psychiatric Sciences, 20, 317-327. 
Nass, R., deCoudres Peterson, H., & Koch, D. (1989). Differential effects of congenital left 
and right brain injury on intelligence. Brain & Cognition, 9(2), 258-266. 
Neely, J. H. (1977). Semantic priming and retrieval from lexical memory: Roles of 
inhibitionless spreading activation and limited-capacity attention. Journal of 
Experimental Psychology, 106(3), 226-254. 
Neely, J. H. (1991). Semantic priming effects in visual word recognition: A selective review 
of current findings and theories. In D. Besner & G. W. Humphreys (Eds.), Basic 
processes in reading: Visual word recognition (pp. 264-336). Hillsdale, New Jersey: 
Lawrence Erlbaum Associates. 
Neely, J. H., Keefe, D. E., & Ross, K. L. (1989). Semantic priming in the lexical decision 
task: Roles of prospective prime-generated expectancies and retrospective semantic 
matching. Journal of Experimental Psychology, 15(6), 1003-1019. 
Nelson, H. E. (1982). National Adult Reading Test (NART): Test manual. Windsor, England: 
NFER Nelson. 
Nelson, H. E., & Willison, J. (1991). National Adult Reading Test manual (2nd ed.). 
Windsor, England: NFER Nelson. 
 363 
Nestor, P. G., Valdman, O., Niznikiewicz, M., Spencer, K., McCarley, R. W., & Shenton, M. 
E. (2006). Word priming in schizophrenia: Associational and semantic influences. 
Schizophrenia Research, 82(2-3), 139-142. 
Nestor, P. G., Kubicki, M., Nakamura, M., Niznikiewicz, M. A., McCarley, R. W., & 
Shenton, M. (2010). Comparing prefrontal gray and white matter contributions to 
intelligence and decision making in schizophrenia and healthy controls. 
Neuropsychology, 24(1), 121-129. 
Newburn, G. (1998). Psychiatric disorders associated with traumatic brain injury. Optimal 
treatment. CNS Drugs, 9(6), 441-456. 
Newsome, M. R., Steinberg, J. L., Scheibel, R. S., Troyanskaya, M., Chu, Z., Hanten, 
G.,…Levin, H.S. (2008). Effects of traumatic brain injury on working memory-related 
brain activation in adolescents. Neuropsychology, 22, 419-425. 
Nicholas, L. E., Brookshire, R. H., MacLennan, D. L., Schumacher, J. G., & Porrazzo, S. A. 
(1989). The Boston Naming Test: Revised administration and scoring procedures and 
normative information for non-brain-damaged adults. In T.E. Prescott (Ed.). Clinical 
Aphasiology (pp. 103-115). Austin, TX: Pro-ed.   
Nielsen, A. S., Mortensen, P. B., O'Callaghan, E., Morsa, O., & Ewald, H. (2002). Is head 
injury a risk factor for schizophrenia? Schizophrenia Research, 55(1), 93-98. 
Niemeier, J. P. (2010). Neuropsychological assessment for visually impaired persons with 
traumatic brain injury. NeuroRehabilitation, 27(275-283). 
Nieto, R. G., & Castellanos, F. X. (2011). A meta-analysis of neuropsychological functioning 
in patients with early onset schizophrenia and pediatric bipolar disorder. Journal of 
Child & Adolescent Psychology, 40(2), 266-280. 
Niznikiewicz, M. A., O'Donnell, B. F., Nestor, P. G., Smith, L., Law, S., Karapelou, M.,… 
McCarley, R.W. (1997). ERP assessment of visual and auditory language processing 
in schizophrenia. Journal of Abnormal Psychology, 106(1), 85-94. 
Niznikiewicz, M. A., Spencer, K. M., Salisbury, D. F., & McCarley, R. W. (2004). Event 
related potentials. In S. M. Lawrie, D. R. Weinberger & E. C. Johnstone (Eds.), 
Schizophrenia: from neuroimaging to neuroscience (pp. 293-330). New York, NY: 
Oxford University Press. 
Ober, B.A., Vinogradov, S., & Shenaut, G.K. (1995). Semantic priming of category relations 
in schizophrenia. Neuropsychology, 9, 220-228. 
Ober, B.A., Vinogradov, S., & Shenaut, G.K. (1997). Automatic versus controlled semantic 
priming in schizophrenia. Neuropsychology, 11, 506–513. 
 364 
O'Callaghan, A., McAllister, L., & Wilson, L. (2012). Insight vs readiness: Factors affecting 
engagement in therapy from the perspectives of adults with TBI and their significant 
others. Brain Injury. Advance online publication. doi:10.3109/02699052.2012.698788 
O'Carroll, R. E. (1987). The inter-rater reliability of the National Adult Reading Test 
(NART): A pilot study. British Journal of Clinical Psychology, 26, 229-230. 
O'Keeffe, F. M., Dockree, P. M., Moloney, P., Carton, S., & Robertson, I. H. (2007). 
Characterising error-awareness of attentional lapses and inhibitory control failsures in 
patients with traumatic brain injury. Experimental Brain Research, 180(1), 59-67. 
O'Keeffe, F. M., Dockree, P. M., & Robertson, I. H. (2004). Poor insight in traumatic brain 
injury mediated by impaired error processing? Evidence from electrodermal activity. 
Brain Research: Cognitive Brain Research, 22(1), 101-112. 
O’Toole, M.S., & Pedersen, A.D. (2011). A systematic review of neuropsychological 
performance in social anxiety disorder. Nordic Journal of Psychiatry, 65, 147-161.  
Oddy, M., Coughlan, T., Tyerman, A., & Jenkins, D. (1985). Social adjustment after closed-
head injury: A further follow-up seven years after injury. Journal of Neurology, 
Neurosurgery & Psychiatry, 48(6), 564-568. 
Ojeda, N., Pena, J., Sanchez, P., Elizagarate, E., & Ezcurra, J. (2008). Processing speed 
mediates the relationship between verbal memory, verbal fluency, and functional 
outcome in chronic schizophrenia. Schizophrenia Research, 101, 225-233. 
Ojeda, N., Sanchez, P., Pena, J., Elizagarate, E., Yoller, A. B., Larumbe, J.,…Ezcurra, J. 
(2010). Does cognitive performance reflect the same underlying mechanisms in 
patients and healthy controls? The Journal of Nervous and Mental Disease, 198(4), 
286-392. 
Oldfield, R. C. (1971). The assessment and analysis of handedness: The Edinburgh 
Inventory. Neuropsychologia, 9, 97-113. 
Olney, J. W., Newcomer, J. W., & Farber, N. B. (1999). NMDA receptor hypofunction model 
of schizophrenia. Journal of Psychiatric Research, 33(6), 523-533. 
Ord, J. S., Greve, K. W., Bianchini, K. J., & Aguerrevere, L. E. (2010). Executive 
dysfunction in traumatic brain injury: The effects of injury severity and effort on the 
Wisconsin Card Sorting Test. Journal of Clinical and Experimental Neuropsychology, 
32(2), 132-140. 
Orem, D. M., & Bedwell, J. S. (2010). A preliminary investigation on the relationship 
between color-word Stroop task performance and delusion-proneness in 
nonpsychiatric adults. Psychiatry Research, 175, 27-32. 
 365 
Osherson, D., Perani, D., Cappa, S., Schnur, T., Grassi, F., & Fazio, F. (1998). Distinct brain 
loci in deductive versus probabilistic reasoning. Neuropsychologia, 36(4), 369-376. 
Osterrieth, P. A. (1944). Le test du copie d’une figure complexe. Archives of Psychology, 30, 
206-356. 
Ott, S. L., Spinelli, S., Rock, D., Roberts, S., Amminger, G. P., & Erlenmeyer-Kimling, L. 
(1998). The New York High-Risk Project: Social and general intelligence in children 
at risk for schizophrenia. Schizophrenia Research, 31, 1-11. 
Owen, A. M., Downes, J. J., Sahakian, B. J., Polkey, C. E., & Robbins, T. W. (1990). 
Planning and spatial working memory following frontal lobe lesions in man. 
Neuropsychologia, 28(10), 1021-1034. 
Ownsworth, T.L., & Mcfarland, K. (1999). Memory remediation in long-term acquired brain 
injury: Two approaches in diary training. Brain Injury, 13(8), 605-626. 
Pallanti, S., Quercioli, L., & Pazzagli, A. (1999). Effects of Clozapine on awareness of illness 
and cognition in schizophrenia. Psychiatry Research, 86 (3), 239-249. 
Palmer, B. W., Heaton, R. K., Paulsen, J. S., Kuck, J., Braff, D. L., Harris, M. J.,… Jeste, 
D.V. (1997). Is it possible to be schizophrenic yet neuropsychologically normal? 
Neuropsychology, 11(3), 437-446. 
Palmer, B.W., Savla, G. N., Fellows, I.E., Twamley, E.W., Jeste, D.V., & Lacro, J.P. (2010). 
Do people with schizophrenia have differential impairment in episodic memory 
and/or working memory relative to other cognitive abilities? Schizophrenia Research, 
116, 259-265. 
Pantelis, C., Velakoulis, D., McGorry, P.D., Wood, S.J., Suckling, J., Phillips, L.,…McGuire, 
P.K. (2003). Neuroanatomical abnormalities before and after onset of psychosis: A 
cross-sectional and longitudinal MRI comparison. Lancet, 361(9354), 281-288. 
Pantelis, C., Yucel, M., Bora, E., Fornito, A., Testa, R., Brewer, W. J.,…Wood, .S.J. (2009). 
Neurobiological markers of illness onset in psychosis and schizophrenia: The search 
for a moving target. Neuropsychology Review, 19(3), 385-398. 
Papanicolaou, A. C., Levin, H. S., Eisenberg, H. M., Moore, B. D., Goethe, K. E., & High, 
W. M. (1984). Evoked potential correlates of post-traumatic amnesia after closed head 
injury. Neurosurgery, 4(6), 676-678. 
Park, N. W., Moscovitch, M. M., & Robertson, I. H. (1999). Divided attention impairments 
after traumatic brain injury. Neuropsychologia, 37, 1119-1133. 
 366 
Parks, R. W., Loewenstein, D. A., Dodrill, K. L., Barker, W. W., Yoshii, F., Chang, J. 
Y.,…Duara, R. (1988). Cerebral metabolic effects of a verbal fluency test: A PET 
scan study. Journal of Clinical and Experimental Neuropsychology, 10(5), 565-575. 
Parnas, J., Vianin, P., Saebye, D., Jansson, L., Volmer-Larsen, A., & Bovet, P. (2001). Visual 
binding abilities in the initial and advanced stages of schizophrenia. Acta Psychiatrica 
Scandinavica, 103, 171-180. 
Passerieux, C., Hardy-Bayle, M.C., & Widlocher, D. (1995). Semantic inhibition in 
schizophrenic patients assessed by a lexical decision task. European Psychiatry,10, 
36–43. 
Passerieux, C., Segui, J., Besche, C., Chevalier, J.F., Widlocher, D., & Hardy-Bayle, M.C. 
(1997). Heterogeneity in cognitive functioning of schizophrenic patients evaluated by 
a lexical decision task. Psychological Medicine, 27, 1295–1302. 
Patel, R., Ciuffreda, K. J., Tannen, B., & Kapoor, N. (2011). Elevated coherent motion 
thresholds in mild traumatic brain injury. Optometry, 82, 284-289. 
Paulesu, E., Goldacre, B., Scifo, P., Cappa, S. F., Gilardi, M. C., Castiglioni, I.,…Fazio, F. 
(1997). Functional heterogeneity of left inferior frontal cortex as revealed by fMRI. 
NeuroReport, 8, 2011-2016. 
Pendleton, M. G., Heaton, R. K., Lehman, R. A. W., & Hulihan, D. (1982). Diagnostic utility 
of the Thurstone Word Fluency Test in neuropsychological evaluations. Journal of 
Clinical Neuropscyhology, 4(4), 307-317. 
Perea, M., Gotor, A., & Nacher, M. J. (1997). Associative and semantic priming effects at a 
very brief stimulus onset asynchrony. Psicothema, 9, 509-517. 
Perlstein, W. M., Carter, C. S., Barch, D. M., & Baird, J. W. (1998). The Stroop task and 
attention deficits in schizophrenia: A critical evaluation of card and single-trial stroop 
methodologies. Neuropsychology, 12(3), 414-425. 
Perlstein, W. M., Larson, M. J., Dotson, V. M., & Kelly, K. G. (2006). Temporal dissociation 
of components of cognitive control dysfunction in severe TBI: ERPs and the cued-
Stroop task. Neuropsychologia, 44, 260-274. 
Perret, E. (1974). The left frontal lobe of man and the suppression of habitual responses in 
verbal categorical behaviour. Neuropsychologia, 12, 323-330. 
Perri, R., Carlesimo, G. A., Loasses, A., & Caltagirone, C. (2000). Deficient intentional 
access to semantic knowledge in patients with severe closed-head injury. Cortex, 36, 
213-225. 
 367 
Peters, E. R., Day, S., & Garety, P. A. (1997). From preconscious to conscious processing: 
Where does the abnormality lie in delusions?  Schizophrenia Research, 24(2), 120. 
Petrides, M. (2005). Lateral prefrontal cortex: Architectonic and functional organization. 
Philosophical Transactions, Royal Society of London, B: Biological Sciences, 360, 
781-795. 
Phelps, E. A., Hyder, F., Blamire, A. M., & Shulman, R. G. (1997). fMRI of the prefrontal 
cortex during overt verbal fluency. NeuroReport, 8, 561-565. 
Phillips, T. J., James, A. C. D., Crow, T. J., & Collinson, S. L. (2004). Semantic fluency is 
impaired but phonemic and design fluency are preserved in early-onset schizophrenia. 
Schizophrenia Research, 70, 215-222. 
Phillips, W. A., & Singer, W. (1997). In search of common foundations for cortical 
computation. The Behavioral & Brain Sciences, 20(4), 657-683. 
Pomarol-Clotet, E., Oh, T. M. S. S., Laws, K. R., & McKenna, P. J. (2008). Semantic 
priming in schizophrenia: Systematic review and meta-analysis. The British Journal 
of Psychiatry, 192(2), 92-97. 
Ponsford, J. L., Cameron, P., Fitzgerald, M., Grant, M., & Mikocka-Walus, A. (2011). Long-
term outcomes after uncomplicated mild traumatic brain injury: A comparison with 
trauma controls. Journal of Neurotrauma, 28(6), 937-946. 
Ponsford, J. L., Draper, K., & Schonberger, M. (2008). Functional outcome 10 years after 
traumatic brain injury: Its relationship with demographic, injury severity, and 
cognitive and emotional status. Journal of the International Neuropsychological 
Society, 14, 233-242. 
Ponsford, J. L., & Kinsella, G. (1992). Attentional deficits following closed-head injury. 
Journal of Clinical and Experimental Neuropsychology, 14(5), 822-838. 
Ponsford, J. L., Myles, P. S., Cooper, D. J., Mcdermott, F. T., Murray, L. I., Laidlaw, 
J.,…Bernard, S.A. (2008). Gender differences in outcome in patients with 
hypotension and severe traumatic brain injury. Injury, 39(1), 67-76. 
Ponsford, J., Sloan, S., & Snow, P. (1995). Traumatic brain injury: Rehabilitation for 
everyday adaptive living. East Sussex, UK: Lawrence Erlbaum Associates Ltd. 
Posner, M. I., & Snyder, C. R. R. (1975). Facilitation and inhibition in the processing of 
signals. In P. M. A. Rabbitt & S. Dornic (Eds.), Attention and performance (pp. 669-
682). New York, NY: Academic Press. 
 368 
Pradat-Diehl, P., Masure, M. C., Lauriot-Prevost, M. C., Vallat, C., & Bergego, C. (1999). 
Impairment of visual recognition after a traumatic brain injury. Revue Neurologique, 
155(5), 375-382. 
Prescott, T. J., Newton, L. D., Mir, N. U., Woodruff, P. W. R., & Parks, R. W. (2006). A new 
dissimilarity measure for finding semantic structure in category fluency data with 
implications for understanding memory organisation in schizophrenia. 
Neuropsychology, 20(6), 685-699. 
Pridmore, S., & Bowe, G. (2011). Neuroimaging in the field of psychoses. Malaysian Journal 
of Medical Science. 18(1), 6-11. 
Pritchard, W. D. (1981). Psychophysiology of P300. Psychological Bulletin, 89, 506-540. 
Pujol, J., Vendrell, P., Deus, J., Kulisevsky, J., Marti-Vilalta, J. L., Garcia, C.,…Capdeveila, 
A. (1996). Frontal lobe activation during word generation studied by functional MRI. 
Acta Neurologica Scandinavica, 93, 403-410. 
Pukrop, R., Ruhrmann, S., Schultze-Lutter, F., Bechdolf, A., Brockhaus-Dumke, A., & 
Klosterkotter, J. (2007). Neurocognitive indicators for a conversion to psychosis: 
Comparison of patients in a potentially initial prodromal state who did or did not 
convert to a psychosis. Schizophrenia Research, 92, 116-125. 
Purves, D., Augustine, G. J., Fitzpatrick, D., Katz, L. C., LaMantia, A., McNamara, J. 
O.,…Williams, S.M. (2001). Neuroscience (2nd ed.). Sunderland, MA: Sinauer 
Associates. 
Quellet, M.C., & Morin, C.M. (2007). Efficacy of cognitive-behavioral therapy for insomnia 
associated with traumatic brain injury: A single-case experimental design. Archives of 
Physical Medicine & Rehabilitation, 88 (12), 1581-1592. 
Quillian, M. R. (1967). Word concepts: A theory and simulation of some basic semantic 
capabilities. Behavioral Sciences, 12(5), 410-430. 
Quillian, M. R. (1969). The Teachable Language Comprehender: A simulation program and 
theory of language. Communications of the ACM, 12(8), 459-476. 
Rabany, L., Weiser, M., Werbeloff, N., & Yechiel, L. (2011). Assessment of negative 
symptoms and depression in schizophrenia: Revision of the SANS and how it relates 
to the PANNS and CDSS. Schizophrenia Research, 126(1-3), 226-230. 
Rabinowicz, E. F., Owen, D. R., Opler, L. A., & Knight, R. A. (1996). Dot Enumeration 
Perceptual Organization Task (DEPOT): Evidence for a short-term visual memory 
deficit in schizophrenia. Journal of Abnormal Psychology, 105(3), 336-348. 
 369 
Raistrick, D., Bradshaw, J., Tober, G., Weiner, J., Allison, J., & Healey, C. (1994). 
Development of the Leeds Dependence Questionnaire (LDQ): A questionnaire to 
measure alcohol and opiate dependence in the context of a treatment evaluation 
package. Addiction, 89, 563-572. 
Rajji, T.K., Uchida, H., Ismail, Z., Ng, W., Mamo, D.C., Remington, G.,… Mulsant, B.H. 
(2010). Clozapine and global cognition in schizophrenia. Journal of Clinical 
Psychopharmacology, 30 (4), 431-436. 
Randolph, C. (1998). Repeatable Battery for the Assessment of Neuropsychological Status 
(RBANS). Florida, USA: Psychcorp. 
Randolph, C., Tierney, M. C., Mohr, E., & Chase, T. N. (1998). The Repeatable Battery for 
the Assessment of Neuropsychological Status (RBANS): Preliminary clinical validity. 
Journal of Clinical and Experimental Neuropsychology, 20, 310-319. 
Rao, J.S., Kellom, M., Reese, E.A., Rapoport, S.I., & Kim, H.W. (2012). Dysregulated 
glutamate and dopamine transporters in post-mortem frontal cortex from bipolar and 
schizophrenic patients. Journal of Affective Disorders, 136(1-2), 63-71. 
Rao, V., & Lyketsos, C. G. (2000). Neuropsychiatric sequelae of traumatic brain injury. 
Psychosomatics, 41, 95-103. 
Raskin, S. A., & Rearick, E. (1996). Verbal fluency in individuals with mild traumatic brain 
injury. Neuropsychology, 10(3), 416-422. 
Rastle, K., Harrington, J., & Coltheart, M. (2002). 358,534 nonwords: The ARC Nonword 
Database. Quarterly Journal  of Experimental Psychology, 55A, 1339-1362. 
Ravizza, S. M., Keur Moua, K. C., Long, D., & Carter, C. S. (2010). The impact of context 
processing deficits on task-switching performance in schizophrenia. Schizophrenia 
Research, 116, 274-279. 
Reitan, R. M. (1955). The relation of the Trail Making Test to organic brain damage. Journal 
of Consulting Psychology, 19(5), 393-394. 
Reitan, R. M. (1958). Validity of the Trail Making Test as an indicator of organic brain 
damage. Perceptual and Motor Skills, 8, 271-276. 
Reitan, R. M., & Wolfson, D. (1985). The Halstead–Reitan Neuropsycholgical Test Battery: 
Therapy and clinical interpretation. Tucson, AZ: Neuropsychological Press. 
Reitan, W. (1990). The Halstead-Reitan Neuropsychological Test Battery: Theory and 
clinical interpretation. Tucson, AZ: Neuropsychology Press. 
 370 
Rempel-Clower, N. L., Zola, S. M., Squire, L. R., & Amaral, D. G. (1996). Three cases of 
enduring memory impairment after bilateral damage limited to the hippocampal 
formation. Journal of Neuroscience, 16, 5233–5255. 
Repovs, G., & Barch, D.M. (2012). Working memory related brain network connectivity in 
individuals with schizophrenia and their siblings. Frontiers in Human Neuroscience, 
6(137). Advance online publication. doi: 10.3389/fnhum.2012.00137 
Rey, A. (1941). L’examen psychologique dans les cas d’encephalopathie traumatique. 
Archives of Psychology, 28, 286-340. 
Rhodes, S. M., & Donaldson, D. I. (2008). Association and not semantic relationships elicit 
the N400 effect: Electrophysiological evidence from an explicit language 
comprehension task. Psychophysiology, 45(1), 50-59. 
Rief, W. (1991). Visual perceptual organization in schizophrenic patients. British Journal of 
Clinical Psychology, 30(4), 359-366. 
Rieger, M., & Gauggel, S. (2002). Inhibition of ongoing responses in patients with traumatic 
brain injury. Neuropsychologia, 40(1), 76-85. 
Rinck, M., Becker, E.S., Kellermann, J., & Roth, W.T. (2003). Selective attention in anxiety: 
Distraction and enhancement in visual search. Depresssion and Anxiety, 18, 18-28. 
Rios, M., Perianez, J. A., & Munoz-Cespedes, J. M. (2004). Attentional control and slowness 
of information processing after severe traumatic brain injury. Brain Injury, 18(3), 
257-272. 
Ripley, D. L., & Politzer, T. (2010). Vision disturbance after TBI. NeuroRehabilitation, 27, 
215-216. 
Robbins, T.W., Weinberger, D.W., Taylor, J.G., & Morris, R.G. (1996). Dissociating 
executive functions of the prefrontal cortex. Philosophical Transactions of the Royal 
Society, B: Biological Sciences, 351 (1345), 1463-1471.  
Robertson, L. C., & Lamb, M. R. (1991). Neuropsychological contributions to theories of 
part/whole organization. Cognitive Psychology, 23, 299-330. 
Roche, R. A. P., Dockree, P. M., Garavan, H., Foxe, J. J., Robertson, I. H., & O'Mara, S. M. 
(2004). EEG alpha power changes reflect response inhibition deficits after traumatic 
brain injury (TBI) in humans. Neuroscience Letters, 362, 1-5. 
  
 371 
Rohling, M. L., Binder, L. M., Demakis, G. J., Larrabee, G. J., Ploetz, D. M., & 
Langhinrichsen-Rohling, J. (2011). A meta-analysis of neuropsychological outcome 
after mild traumatic brain injury: Re-analyses and reconsiderations of Binder et al. 
(1997), Frencham et al. (2005), and Pertab et al. (2009). The Clinical 
Neuropsychologist, 25(4), 608-623. 
Ronne-Engstrom, E., & Winkler, T. (2006). Continuous EEG monitoring in patients with 
traumatic brain injury reveals a high incidence of epileptiform activity. Acta 
Neurologica Scandinavica, 114 (1), 47-53. 
Ross, T. P. (2003). The reliability of cluster and switch scores for the Controlled Oral Word 
Association Test. Archives of Clinical Neuropsychology, 18(2), 153-164. 
Rossell, S. L. (2004). Affective semantic priming in patients with schizophrenia. Psychiatry 
Research, 129, 221-228. 
Rossell, S. L. (2006). Category fluency performance in patients with schizophrenia and 
bipolar disorder: The influence of affective categories. Schizophrenia Research, 82, 
135-138. 
Rossell, S. L., Batty, R. A., & Hughes, L. (2010). Impaired semantic memory in the 
formation and maintenance of delusions post-traumatic brain injury: A new cognitive 
model of delusions. European Archives of Psychiatry and Clinical Neuroscience, 
260(8), 571-581. 
Rossell, S. L., & David, A. S. (2006). Are semantic deficits in schizophrenia due to problems 
with access or storage? Schizophrenia Research, 82(2-3), 121-134. 
Rossell, S. L., Rabe-Hesketh, S., Shapleske, J., & David, A. S. (1999). Is semantic fluency 
differentially impaired in schizophrenic patients with delusions? Journal of Clinical 
and Experimental Neuropsychology, 21(5), 629-642. 
Rossell, S. L., Shapleske, J., & David, A. S. (2000). Direct and indirect semantic priming 
with neutral and emotional words in schizophrenia: Relationship to delusions. 
Cognitive Neuropsychiatry, 5(4), 271-292. 
Roy, P. D., Zipursky, R. B., Saint-Cyr, J. A., Bury, A., Langevin, R., & Seeman, M. V. 
(1998). Temporal horn enlargement is present in schizophrenia and bipolar disorder. 
Biological Psychiatry, 44, 418–422. 
Rugg, M. D., Cowan, C. P., Nagy, M. E., Milner, A. D., Jacobson, I., & Brooks, D. N. 
(1988). Event-related potentials from closed head injury patients in an auditory 
'oddball' task: Evidence of dysfunction in stimulus categorisation. Journal of 
Neurology, Neurosurgery & Psychiatry, 51(5), 691-698. 
 372 
Sachdev, P., Smith, J. S., & Cathcart, S. (2001). Schizophrenia-like psychosis following 
traumatic brain injury: A chart-based descriptive and case control study. 
Psychological Medicine, 31, 231-239. 
Salisbury, D. ( 2010). N400 to lexical ambiguity and semantic incongruity in schizophrenia. 
International Journal of Psychophysiology, 75(2), 127-132. 
SANE Australia. (2011). People living with Psychotic Illness: A SANE Response. SANE 
Australia, South Melbourne.  
Sarno, S., Erasmus, L. P., Lippert, G., Frey, M., Lipp, B., & Schlaegel, W. (2000). 
Electrophysiological correlates of visual impairments after traumatic brain injury. 
Vision Research, 40, 3029-3038. 
Savla, G. N., Twamley, E. W., Delis, D. C., Roesch, S. C., Jeste, D. V., & Palmer, B. W. 
(2010). Dimensions of executive functioning in schizophrenia and their relationship 
with processing speed. Schizophrenia Bulletin,38 (4), 760-768.  
Schaufelberger, M. S., Lappin, J. M., Duran, F. L. S., Rose, P. G. P., Uchida, R. R., Santos, 
L. C., …Busatto, G. F. (2011). Lack of progression of brain abnormalities in first-
episode psychosis: A longitudinal magnetic resonance imaging study. Psychological 
Medicine, 41, 1677-1689. 
Schmidt, M. (1996). Rey Auditory and Verbal Learning Test: A handbook. Los Angeles, CA: 
Western Psychological Services. 
Schmitter-Edgecombe, M. (1996). The effects of divided attention on implicit and explicit 
memory performance. Journal of the International Neuropsychological Society, 2, 
111-125. 
Schmitter-Edgecombe, M., Marks, W., & Fahy, J. F. (1993). Semantic priming after severe 
closed head trauma: Automatic and attentional processes. Neuropsychology, 7(2), 
136-148. 
Schmitter-Edgecombe, M., & Nissley, H. M. (2000). Effects of divided attention on 
automatic and controlled components of memory after severe closed-head injury. 
Neuropsychology, 14, 559-569. 
Schonberger, M., Ponsford, J. L., Reutens, D., Beare, R., & O'Sullivan, R. (2009). The 
relationship between age, injury severity, and MRI findings after traumatic brain 
injury. Journal of Neurotrauma, 26(12), 2157-2167. 
Schretlen, D. J., & Shapiro, A. M. (2003). A quantitative review of the effects of traumatic 
brain injury on cognitive functioning. International Review of Psychiatry, 15, 341-
349. 
 373 
Schroeter, M. L., Ettrich, B., Schwier, C., Scheid, R., Guthke, T., & Yves von Cramon, D. 
(2007). Diffuse axonal injury due to traumatic brain injury alters inhibition of 
imitative response tendencies. Neuropsychologia, 454, 3149-3156. 
Schuldberg, D., Quinlan, D. M., Morgenstern, H., & Glazer, W. (1990). Positive and negative 
symptoms in chronic psychiatric outpatients: Reliability, stability, and factor 
structure. Psychological Assessment: A Journal of Consulting and Clinical 
Psychology, 2(3), 262-268. 
Schwartz-Place, E. J., & Gilmore, G. C. (1980). Perceptual organization in schizophrenia. 
Journal of Abnormal Psychology, 89(3), 409-418. 
Scremin, O. U., Li, M. G., Roch, M., Booth, R., & Jenden, D. J. (2006). Acetylcholine and 
choline dynamics provide early and late markers of traumatic brain injury. Brain 
Research, 1124(1),155-166. 
Seidman, L. J., Buka, S. L., Goldstein, J. M., & Tsuang, M. T. (2006). Intellectual decline in 
schizophrenia: Evidence from a prospective birth cohort 28 year follow-up study. 
Journal of Clinical and Experimental Neuropsychology, 28, 255-242. 
Seignourel, P. J., Robbins, D., Larson, M. J., Demery, J., Cole, M., & Perlstein, W. M. 
(2005). Cognitive control in closed head injury: Context maintenance dysfunction or 
prepotent response inhibition deficit? Neuropsychology, 19(5), 578-590. 
Senathi-Raja, D., Ponsford, J. L., & Schonberger, M. (2010). Impact of age on long-term 
cognitive function after traumatic brain injury. Neuropsychology, 24(3), 336-344. 
Shallice, T. (1982). Specific impairments of planning. Philosophical Transactions, Royal 
Society of London, B: Biological Sciences, 298, 199-209. 
Shear, M. K., Greeno, C., Kang, J., Ludewig, D., Frank, E., Swartz, H. A.,…Hanekamp, M. 
(2000). Diagnosis of nonpsychotic patients in community clinics. American Journal 
of Psychiatry, 157(4), 581-587. 
Sheitman, B. B., Murray, M. G., Snyder, J. A., Silva, S., Goldman, R., Chakos, M.,… 
Lieberman, J.A. (2000). IQ scores of treatment-resistant schizophrenia patients before 
and after onset of the illness. Schizophrenia Research, 46(203-207). 
Shiffrin, R. M., & Schneider, W. (1977). Controlled and automatic human information 
processing: II. Perceptual learning, automatic attending and a general theory. 
Psychological Review, 84(2), 127-190. 
Shum, D. H. K., Harris, D., & O'Gorman, J. G. (2000). Effects of severe traumatic brain 
injury on visual memory. Journal of Clinical and Experimental Neuropsychology, 
22(1), 25-39. 
 374 
Silver, J. M., Kramer, R., Greenwald, S., & Weissman, M. (2001). The association between 
head injuries and psychiatric disorders: Findings from the New Haven NIMH 
Epidemiologic Catchment Area Study. Brain Injury, 15(11), 935-945. 
Silverstein, S. M., Knight, R. A., Schwarzkopf, S. B., West, L. L., Osborn, L. M., & Kamin, 
D. (1996). Stimulus configuration and context effects in perceptual organization in 
schizophrenia. Journal of Abnormal Psychology, 105(3), 410-420. 
Silverstein, S. M., Kovacs, I., Corry, R., & Valone, C. (2000). Perceptual organisation, the 
disorganisation syndrome, and context processing in chronic schizophrenia. 
Schizophrenia Research, 43, 11-20. 
Silverstein, S.M., Osborn, L.M., & Palumbo, D.R. (1998). Rey-Osterrieth Complex Figure 
Test performance in acute, chronic, and remitted schizophrenia patients. Journal of 
Clinical Psychology, 54(7), 985-994. 
Sisk, E. (2002). The Stroop colour-word test in psychology and biomedicine. Acta 
Universitatis Palackianae Olomucensis. Gymnica, 32(1), 45-52. 
Skre, I., Onstad, S., Torgersen, S., & Kringlen, E. (1991). High inter-rater reliability for the 
Structured Clnical Interview for DSM-III-R Axis (SCID-I). Acta Psychiatrica 
Scandinavica, 84(2), 167-173. 
Smieskova, R., Fusar-Poli, P., Riecher-Rossler, A., & Borgwardt, S. (2012). Neuroimaging 
and resilience factors: Staging of the at-risk mental state? Current Pharmaceutical 
Design, 18(4), 416-421. 
Smith, G. J. W., & Nyman, G. E. (1974). The validity of the serial color-word test: A reply to 
Lennart Sjoberg. Scandinavian Journal of Psychology, 15, 238-240. 
Smith, G. L., Large, M. M., Kavanagh, D. J., Karayanidis, F., Barrett, N. A., Michie, P. T.,… 
O'Sullivan, B.T. (1998). Further evidence for a deficit in switching attention in 
schizophrenia. Journal of Abnormal Psychology, 107(3), 390-398. 
Snow, P., Douglas, J., & Ponsford, J. L. (1997). Conversational assessment following 
traumatic brain injury: A comparison across two control groups. Brain Injury, 6, 409-
429. 
Soeda, A., Nakashima, T., Okumura, A., Kuwata, K., Shinoda, J., & Iwama, T. (2005). 
Cognitive impairment after traumatic brain injury: A functional magnetic resonance 
imagining study using the Stroop task. Neuroradiology, 47, 501-506. 
  
 375 
Sotovama, H., Zheng, Y., Iwakura, Y., Mizuno, M., Aizawa, M., Shcherbakova, K., …Nawa, 
H. (2011). Pallidal hyperdopaminergic innervation underlying D2 receptor-dependent 
behavioural deficits in the schizophrenia animal model established by EGF. PLoS 
One, 6(10), e25831. 
Sperber, R. D., McCauley, C., Ragain, R. D., & Weil, C. M. (1979). Semantic priming effects 
on picture and word processing. Memory & Cognition, 7(5), 339-345. 
Spikman, J. M., Deelman, B. G., & van Zomeren, A. H. (2000). Executive functioning, 
attention and frontal lesions in patients with chronic CHI. Journal of Clinical and 
Experimental Neuropsychology, 14, 518-532. 
Spikman, J. M., Kiers, H. A., Deelman, B. G., & van Zomeren, A. H. (2001). Construct 
validity of concepts of attention in healthy controls and patients with CHI. Brain & 
Cognition, 47, 446-460. 
Spikman, J. M., van der Naalt, J., van Weerden, T. W., & van Zomeren, A. H. (2004). Indices 
of slowness of information processing in head injury patients: Tests for selective 
attention related to ERP latencies. Journal of the International Neuropsychological 
Society, 10, 851-861. 
Spikman, J. M., van Zomeren, A. H., & Deelman, B. G. (1996). Deficits of attention after 
closed-head injury: Slowness only? Journal of Clinical and Experimental 
Neuropsychology, 18, 755-767. 
Spitzer, M., Braun, U., Maier, S., Hulme, L., & Maher, B.A. (1993). Indirect semantic 
priming in schizophrenia patients. Schizophrenia Research, ,11, 71-80. 
Spreen, O., & Strauss, E. (1998). A compendium of neuropsychological tests. Administration, 
norms and commentary. New York: Oxford University Press. 
Steen, R., Mull, C., McClure, R., Hamer, R., & Lieberman, J. (2006). Brain volume in first 
episode schizophrenia: Systematic review and meta-analysis of magnetic resonance 
imaging studies. British Journal of Psychiatry, 188, 510-518. 
Steiner, J. L., Tebes, J. K., Sledge, W. H., & Walker, M. L. (1995). A comparison of the 
Structured Clinical Interview for DSM-III-R and clinical diagnoses. Journal of 
Nervous and Mental Disease, 183(6), 365-369. 
Sternberg, R. J. (2003). Cognitive psychology (3rd ed.). Belmont, USA: Wadsworth/Thomson 
Learning Inc. 
Stroop, J.R. (1935). Studies of interference in serial verbal reactions. Journal of Experimental 
Psychology, 18(6), 643-662. 
 376 
Stone, W.S., Giuliano, A. J., Tsuang, M.T., Braff, D.L., Cadenhead, K.S., Calkins, M. E.,… 
Seidman, L.J. (2011). Group and site differences on the California Verbal Learning 
Test in persons with schizophrenia and their first-degree relatives: Findings from the 
Consortium on the Genetics of Schizophrenia (COGS). Schizophrenia Research, 
128(1-3), 102-110. 
Stuss, D. T., Alexander, M. P., Hamer, L., Palumbo, C., Dempster, R., Binns, M.,…Izukawa, 
D. (1998). The effects of focal anterior and posterior brain lesions on verbal fluency. 
Journal of the International Neuropsychological Society, 4, 265-278. 
Stuss, D. T., Hugenholtz, H., Richard, M. T., LaRochelle, S., Poirier, C. A., & Bell, I. (1985). 
Subtle neuropsychological deficits in patients with good recovey after closed head 
injury. Neurosurgery, 17(1), 41-47. 
Stuss, D. T., Stethem, L. L., Hugenholtz, H., Picton, T. W., Pivik, J., & Richard, M. T. 
(1989). Reaction time after head injury: Fatigue, divided and focused attention, and 
consistency of performance. Journal of Neurology, Neurosurgery & Psychiatry, 
52(6), 742-748. 
Sullivan, J. R., & Riccio, C. A. (2010). Language functioning and deficits following pediatric 
traumatic brain injury. Applied Neuropsychology, 17(2), 93-98. 
Sun, D., Phillips, L., Velakoulis, D., Yung, A., McGorry, P.D., Wood, S.J.,…Pantelis, C. 
(2009). Progressive brain structural changes mapped as psychosis develops in ‘at risk’ 
individuals. Schizophrenia Research, 108(1-3), 85-92. 
Surguladze, S. A., Chkonia, E. D., Kezeli, A. R., Roinishvili, M. O., Stahl, D., & David, A. S. 
(2012). The McCollough Effect and facial emotion discrimination in patients with 
schizophrenia and their unaffected relatives. Schizophrenia Bulletin, 38(3), 599-607.  
Surguladze, S., Rossell, S., Rabe-Hesketh, S., & David, A. S. (2002). Cross-modal semantic 
priming in schizophrenia. Journal of International Neuropsychological Society. 8, 
884-892. 
Surprenant, A. M., & Neath, I. (2009). Principles of memory. NY, New York: Psychology 
Press, Taylor & Francis Group. 
Suzman, K. B., Morris, R. D., Morris, M. K., & Milan, M. A. (1997). Cognitive-behavioral 
remediation of problem solving deficits in children with acquired brain injury. 
Journal of Behavior, Therapy, & Experimental Psychiatry, 28(3), 203-212. 
Szoke, A., Trandafir, A., Dupont, M., Meary, A., Schurhoff, F., & Leboyer, M. (2008). 
Longitudinal studies of cognition in schizophrenia: Meta-analysis. The British Journal 
of Psychiatry, 192, 248-257. 
 377 
Tabachnick, B. G., & Fidell, L. S. (1996). Using multivariate statistics (3rd ed.). New York, 
USA: HarperCollins College Publishers. 
Tai, S., & Turkington, D. (2009). The evolution of cognitive behavior therapy for 
schizophrenia: Current practice and recent developments. Schizophrenia Bulletin, 
35(5), 865-873.  
Takizawa, R., Kasai, K., Kawakubo, Y., Marumo, K., Kawasaki, S., Yamasue, H.,…Fukuda, 
M. (2008). Reduced frontopolar activation during a verbal fluency task in 
schizophrenia: A multi-channel near-infrared spectroscopy study. Schizophrenia 
Research, 99, 250-262. 
Tandon, R., Keshavan, M. S., & Nasrallah, H. A. (2008a). Schizophrenia, “Just the Facts”: 
What we know in 2008. Part 1: Overview. Schizophrenia Research, 100, 4-19. 
Tandon, R., Keshavan, M. S., & Nasrallah, H. A. (2008b). Schizophrenia, “Just the Facts”: 
What we know in 2008. 2. Epidemiology and etiology. Schizophrenia Research, 102, 
1-18. 
Tandon, R., Keshavan, M. S., & Nasrallah, H. A. (2009). Schizophrenia, “Just the Facts” 4. 
Clinical features and conceptualization. Schizophrenia Research, 110, 1-23. 
Tandon, R., Nasrallah, H. A., & Keshavan, M. S. (2010). Schizophrenia, “Just the Facts” 5. 
Treatment and prevention. Past, present, and future. Schizophrenia Research, 122, 1-
23. 
Tate, R., Fenelon, B., Manning, M. L., & Hunter, M. (1991). Patterns of neuropsychological 
impairment after severe blunt head injury. Journal of Nervous and Mental Disease, 
179(3), 117-126. 
Teasdale, G. M., & Jennett, B. (1974a). Assessment of coma and impaired consciousness. 
Lancet, 2, 81-84. 
Teasdale, G. M., & Jennett, B. (1974b). Assessment of coma and impaired consciousness: A 
practical scale. Lancet, 2, 81-84. 
The Psychological Corporation. (1999). Wechsler Abbreviated Scale of Intelligence (WASI) 
Manual. San Antonio, TX: The Psychological Corporation. 
Thiagarajan, P., Ciuffreda, K. J., & Ludlam, D. P. (2011). Vergence dysfunction in mild 
traumatic brain injury (mTBI): A review. Ophthalmic & Physiological Optics, 31(5), 
456-468. 
Thomas, N., Rossell, S., Farhall, J., Shawyer, F., & Castle, D. (2011). Cognitive behavioural 
therapy for auditory hallucinations: Effectiveness and predictors of outcome in a 
specialist clinic. Behavioural and Cognitive Psychotherapy, 39, 129-138.  
 378 
Thurstone, L. L., & Thurstone, T. (1949). Examiner manual for the SRA Primary Mental 
Abilities Test. Chicago, USA: Science Research Associates. 
Tlustos, S. J., Chiu, C. Y. P., Walz, N. C., Holland, S. K., Bernard, L., & Wade, S. (2011). 
Neural correlates of interference control in adolescents with traumatic brain injury: 
Functional magnetic resonance imaging study of the counting Stroop task. Journal of 
the International Neuropsychological Society, 17, 181-189. 
Trower, P., Birchwood, M., Meaden, A., Byrne, S., Nelson, A., & Ross, K. (2004). Cognitive 
therapy for command hallucinations: Randomised controlled trial. British Journal of 
Psychiatry, 184, 312–320. 
Troyer, A., Moscovitch, M. M., & Winocur, G. (1997). Clustering and swtiching as two 
components of verbal fluency: Evidence from younger and older healthy adults. 
Neuropsychology, 11(138-146). 
Uhlhaas, P. J., & Mishara, A. L. (2007). Perceptual anomalies in schizophrenia: Integrating 
phenomenology and cognitive neuroscience. Schizophrenia Bulletin, 33(1), 142-156. 
Uhlhaas, P. J., Phillips, T. J., & Silverstein, S. M. (2005). The course and clinical correlates 
of dysfunctions in visual perceptual organization in schziophrenia during the 
remission of psychotic symptoms. Schizophrenia Research, 75(3), 183-192. 
Uhlhaas, P. J., Phillips, W. A., Mitchell, G., & Silverstein, S. M. (2006). Perceptual grouping 
in disorganized schizophrenia. Psychiatry Research, 145(2), 105-117. 
Uhlhaas, P.J., & Silverstein, S.M. (2005). Perceptual organization in schizophrenia spectrum 
disorders: Empirical research and theoretical implications. Psychological Bulletin, 
131, 618-632. 
Ungar, L., Nestor, P. G., Niznikiewicz, M. A., Wible, C. G., & Kubicki, M. (2010). Colour 
Stroop and negative priming in schizophrenia: An fMRI study. Psychiatry Research, 
181(1), 24-29. 
Ungerleider, L. G., & Mishkin, M. (1982). Two cortical visual systems. In D. J. Ingle, M. A. 
Goodale, & R. J. W. Mansfield (Eds.), Analysis of visual behavior (pp. 549-586). 
Cambridge, MA: The MIT Press. 
Vakil, E. (2005). The effect of moderate to severe traumatic brain injury (TBI) on different 
aspects of memory: A selective review. Journal of Clinical and Experimental 
Neuropsychology, 27(8), 977-1021. 
van Beilen, M., Pijnenborg, M., van Zomeren, E. H., van den Bosch, R. J., Withaar, F. K., & 
Bouma, A. (2004). What is measured by verbal fluency tests in schizophrenia? 
Schizophrenia Research, 69, 267-276. 
 379 
van Dael, F., Versmissen, D., Janssen, I., Myin-Germeys, I., Van Os, J., & Krabbendam, L. 
(2006). Data gathering: Biased in psychosis? Schizophrenia Bulletin, 32(2), 341-351. 
van den Broeck, J., Argeseanu Cunningham, S., Eeckels, R., & Herbst, K. (2005). Data 
cleaning: Detecting, diagnosing, and editing data abnormalities. PLoS Medical, 2(10), 
e267-e372. 
van Kleeck, M. H. (1989). Hemispheric differences in global versus local processing of 
hierarchical visual stimuli by normal subjects: New data and a meta-analysis of 
previous studies. Neuropsychologia, 27(9), 1165-1178. 
van Os, J., Linscott, R. J., Myin-Germeys, I., Delespaul, P., & Krabbendam, L. (2009). A 
systematic review and meta-analysis of the psychosis continuum: Evidence for a 
psychosis proneness-peresistence-impairment model of psychotic disorder. 
Psychological Medicine, 39, 179-195. 
van Stavern, G. P., Biousse, V., Lynn, M. J., Simon, D. J., & Newman, N. J. (2001). Neuro-
ophthalmic manifestations of head trauma. Journal of Neuro-Ophthalmology, 21(2), 
112-117. 
van Zomeren, A. H., & Brouwer, W. H. (1994). Clinical neuropsychology of attention. New 
York: Oxford University Press. 
van Zomeren, A. H., & Deelman, B. G. (1976). Differential effects of simple and choice 
reaction after closed head injury. Clinical Neurology & Neurosurgery, 79, 81-90. 
Velakoulis. D., Pantelis, C., McGorry, P.D., Dudgeon, P., Brewer, W., Cook., M., 
…Copolov, D. (1999). Hippocampal volume in first-episode psychoses and chronic 
schizophrenia: A high resolution magnetic resonance imaging study. Archives of 
General Psychiatry, 56, 133-140. 
Veltman, J., Brouwer, W. H., van Zomeren, A. H., & van Wolffelaar, P. C. (1996). Central 
executive aspects of attention in subacute severe and very severe closed head injury 
patients: Planning, inhibition, flexibility and divided attention. Neuropsychology, 10, 
357-367. 
Verdoux, H., & van Os, J. (2002). Psychotic symptoms in non-clinical populations and the 
continuum of psychosis.  Schizophrenia Research, 54, 59-65. 
Videbech, P. (1997). MRI findings in patients with affective disorder: A metaanalysis. Acta 
Psychiatrica Scandinavica, 96,157–168. 
Vinogradov, S., Kirkland, J., Poole, J. H., Drexler, M., Ober, B. A., & Shenaut, G. K. (2002). 
Both processing speed and semantic memory organization predict verbal fluency in 
schizophrenia. Schizophrenia Research, 59, 269-275. 
 380 
Vinogradov, S., Ober, B.A., & Stenaut, G.K. (1992). Semantic priming of word 
pronunciation and lexical decision in schizophrenia. Schizophrenia Research, 8, 171-
181. 
Vita, A., De Peri, L., Silenzi, C., & Dieci, M. (2006). Brain morphology in first-episode 
schizophrenia: A meta-analysis of quantitative magnetic resonance imaging studies. 
Schizophrenia Research, 82, 75-88. 
Vogel, A. P., Chenery, H. J., Dart, C. M., Doan, B., Tan, M., & Copland, D. A. (2009). 
Verbal fluency, semantics, context and symptom complexes in schizophrenia. Journal 
of Psycholinguistic Research, 38, 459-473. 
Wallace, B.E., Wagner, A.K., Wagner, E.P., & McDeavitt, J.T. (2001). A history and review 
of quantitative electroencephalography in traumatic brain injury. Journal of Head 
Trauma Rehabilitation, 16 (2), 165-190. 
Wang, L., Metzak, P. D., Honer, W. G., & Woodward, T. S. (2010). Impaired efficiency of 
functional networks underlying episodic memory-for-context in schizophrenia. The 
Journal of Neuroscience, 30(39), 13171-13179. 
Warman, D. M., Lysaker, P. H., Martin, J. M., Davis, L., & Haudenschield, S. L. (2007). 
Jumping to conclusions and the continuum of delusional beliefs. Behaviour Research 
and Therapy, 45(6), 1255-1269. 
Warren, M. (1993). A hierarchical model for evaluation and treatment of visual perceptual 
dysfunction in adult acquired brain injury (part 1). American Journal of Occupational 
Therapy, 47(1), 42-54. 
Wechsler, D. (1939). The measurement of adult intelligence. Baltimore, MD: Williams & 
Witkins. 
Wechsler, D. (1955). The Wechsler Adult Intelligence Scale: manual. New York: 
Psychological Corporation. 
Wechsler, D. (1997). Weschler Memory Scale for Adults (3rd ed.). San Antonio, TX: The 
Psychological Corporation. 
Wells, D. S., & Leventhal, D. (1984). Perceptual grouping in schizophrenia: Replication of 
Place and Gilmore. Journal of Abnormal Psychology, 93(2), 231-234. 
Weninger, P., & Hertz, H. (2007). Factors influencing the injury pattern and injury severity 
after high speed motor vehicle accident – a retrospective study. Resuscitation, 75(1), 
35-41. 
West, R. (2003). Neural correlates of cognitive control and conflict detection in the Stroop 
and digit-location tasks. Neuropsychologia, 41, 1122-1135. 
 381 
West, S.L. (2011). Substance use among persons with traumatic brain injury: A review. 
NeuroRehabilitation, 29(1), 1-8. 
Westermeyer, J. (2006). Comorbid schizophrenia and substance abuse: A review of 
epidemiology and course. The American Journal on Additions, 15(5), 345-355. 
Whelan-Goodinson, R., Ponsford, J. L., Johnston, L., & Grant, F. (2009). Psychiatric 
disorders following traumatic brain injury: Their nature and frequency. The Journal of 
Head Trauma Rehabilitation, 24(5), 324-332.  
Whyte, J., Polansky, M., Fleming, M., Coslett, H. B., & Cavallucci, C. (1995). Sustained 
arousal and attention after traumatic brain injury. Neuropsychologia, 33, 797-813. 
Wilcox, J. A., & Nasrallah, H. A. (1986). Childhood head trauma and psychosis. Psychiatry 
Research, 21(4), 303-306. 
Wilde, E.A., Bigler, E.D., Hunter, J.V., Fearing, M.A., Scheibel, R.S., Newsome, M.R., 
…Levin, H.S. (2007). Hippocampus, amygdala, and basal ganglia morphomentrics in 
children after moderate-to-severe traumatic brain injury. Developmental Medicine and 
Child Neurology, 49(4), 294-299. 
Wilde, E. A., Hunter, J. V., Newsome, M. R., Scheibel, R. S., Bigler, E. D., Johnson, J. 
L.,…Levin, H.S. (2005). Frontal and temporal morphometric findings on MRI in 
children after moderate to severe traumatic brain injury. Journal of Neurotrauma, 22, 
333-344. 
Willis, T. (1685). The London practice of physick: Or the whole practical part of physick. 
London, UK: Thomas Basset and William Cooke. 
Wilk, C. M., Gold, J. M., Humber, K., Dickerson, F., Fenton, W. S., & Buchanan, R. W. 
(2004). Brief cognitive assessment in schizophrenia: Normative data for the 
Repeatable Batterey for the Assessment of Neuropsychological Status. Schizophrenia 
Research, 70(2-3), 175-186. 
Wilk, C. M., Gold, J. M., McMahon, R. P., Humber, K., Iannone, V. N., & Buchanan, R. W. 
(2005). No, it is not possible to be schizophrenic yet neuropsychologically normal. 
Neuropsychology, 19(6), 778-786. 
Wilkinson, G. S., & Robertson, G. J. (2006). Wide Range Achievement Test 4: Professional 
manual. Lutz, FL: Psychological Assessment Resources. 
Williamson, D. J. G., Scott, J. G., & Adams, R. L. (1996). Traumatic brain injury. In O. A. 
Parsons, J. L. Culbertson, S. J. Nixon, & R. L. Adams (Eds.), Neuropsychology for 
clinical practice: Etiology, assessment, and treatment of common neurologic 
disorders (pp. 9-64). Washington DC: American Psychological Press. 
 382 
Wilson, B. A. (1997). Semantic memory impairments following non-progressive brain injury: 
A study of four cases. Brain Injury, 11(4), 259-269. 
Wilson, K. R., Donders, J., & Nguyen, L. (2011). Self and parent ratings of executive 
functioning after adolescent traumatic brain injury. Rehabilitation Psychology, 56(2), 
100-106. 
Wilson, M. D. (1988). The MRC Psycholinguistic Database: Machine Readable Dictionary, 
Version 2. Behavioural Research Methods, Instruments and Computeres, 20, 6-11. 
Woodward, T. S., Mizrahi, R., Menon, M., & Christensen, B. K. (2009). Correspondences 
between theory of mind, jumping to conclusions, neuropsychological measures and 
the symptoms of schizophrenia. Psychiatry Research, 170(2-3), 119-123. 
Woodward, T. S., Munz, M., LeClerc, C., & Lecomte, T. (2009). Change in delusions is 
associated with change in “jumping to conclusions”. Psychiatry Research, 170, 124–
127. 
World Health Organisation (WHO). (2010). International Statistical Classification of 
Diseases and Related Health Problems, 10
th
 Revision (ICD-10). Geneva, Switzerland: 
Who Press. 
Wright, M. J., & Schmitter-Edgecombe, M. (2011). The impact of verbal memory encoding 
and consolidation deficits during recovery from moderate-to-severe traumatic brain 
injury. Journal of Head Trauma and Rehabilitation, 26(3), 182-191. 
Wykes, T. (1994). Predicting symptomatic and behavioural outcomes of community care. 
British Journal of Psychiatry, 165, 486-492. 
Wykes, T., Huddy, V., Cellard, C., McGurk, S.R., & Czobor, P. (2011). A meta-analysis of 
cognitive remediation for schizophrenia: Methodology and effect sizes. American 
Journal of Psychiatry, 168, 472-485. 
Wykes, T., Steel, C., Everitt, B., & Tarrier, N. (2008). Cognitive behavior therapy for 
schizophrenia: Effect sizes, clinical models, and methodological rigor. Schizophrenia 
Bulletin, 34, 523-537. 
Wylie, G. R., Clark, E. A., Butler, P. D., & Javitt, D. C. (2010). Schizophrenia patients show 
task switching deficits consistent with N-Methyl-D-Aspartate system dysfunction but 
not global executive deficits: Implications for pathophysiology of executive 
dysfunction in schizophrenia. Schizophrenia Bulletin, 36(3), 585-594. 
  
 383 
Xiang, Y., Shum, D., Chiu, H. F. K., Tang, W., & Ungvari, G. S. (2010a). Association of 
demographic characteristics, symptomatology, retrospective and prospective memory, 
executive functioning and intelligence with social functioning in schizophrenia. 
Australian & New Zealand Journal of Psychiatry, 44(12), 1112-1117. 
Xiang, Y., Shum, D., Chiu, H. F. K., Tang, W., & Ungvari, G. S. (2010b). Independent 
association of prospective memory with retrospective memory and intelligence in 
schizophrenia: A controlled study. Archives of Clinical Neuropsychology, 25, 680-
684. 
Yorston, G., & Pinney, A. (2000). Chlorpromazine equivalents and percentage of British 
National Formulary maximum recommended dose in patients receiving high-dose 
antipsychotics. Psychiatric Bulletin, 24, 130-132. 
Young, H. F., & Bentall, R. P. (1997). Probabilistic reasoning in deluded, depressed and 
normal subjects: Effects of task difficulty and meaningful versus non-meaningful 
material. Psychological Medicine, 27(2), 455-465. 
Yu, Q., Plis, S. M., Erhardt, E. B., Allen, E. A., Sui, J., Kiehl, K. A.,…Calhoun, V. D. 
(2011). Modular organization of functional network connectivity in healthy controls 
and patients with schizophrenia during the resting state. Frontiers in Systems 
Neuroscience, 5(103). Advance online publication. doi: 10.3389/fnsys.2011.00103 
Yung, A. R., Phillips, L. J., McGorry, P. D., McFarlane, C. A., Francey, S., Harrigan, S., … 
Jackson, H. J. (1998). Prediction of psychosis: A step towards indicated prevention of 
schizophrenia. British Journal of Psychiatry, 172 (33), 14-20. 
Zakzanis, K. K., McDonald, K., & Troyer, A. K. (2011). Component analysis of verbal 
fluency in patients with mild traumatic brain injury. Journal of Clinical and 
Experimental Neuropsychology, 5, 1-8. 
Zayat, E., Rempfer, M., Gajewski, B., & Brown, C. E. (2011). Patterns of association 
between performance in a natural environment and measures of executive function in 
people with schizophrenia. Psychiatry Research, 187, 1-5. 
Zec, R. F., Zellers, D., Belman, J., Miller, J., Matthews, J., Ferneau-Belman, D.,… Robbs, R. 
(2001). Long-term consequences of severe closed head injury on episodic memory. 
Journal of Clinical and Experimental Neuropsychology, 23, 671-691. 
Zegers, O. D. (2010). Schizophrenia, language and evolution (or the schizophrenias as 
logopathies). Actas Espanolas de Psiquiatria, 38(1), 1-7. 
 384 
Zierhut, K., Bogerts, B., Schott, B., Fenker, D., Walter, M., Albrecht, D.,…Schiltz, K. 
(2010). The role of hippocampus dysfunction in deficient memory encoding and 
positive symptoms in schizophrenia. Psychiatry Research, 183(3), 187-194. 
Zigmond, A. S., & Snaith, R. P. (1983). The Hospital Anxiety and Depression Scale. Acta 
Psychiatrica Scandinavica, 67, 361-370. 
Zino, C., & Ponsford, J. L. (2006). Selective attention deficits and subjective fatigue 
following traumatic brain injury. Neuropsychology, 20(3), 383-390. 
 
 
 
 
 
 
 
Appendices 
 
 
 
Appendix A: Traumatic Brain Injury (TBI) Severity Classification 
Injury Severity is typically classified by the assessment of the following parameters 
where available; duration of loss of consciousness (LOC), duration of post-traumatic amnesia 
(PTA), and Glasgow Coma Scale (GCS) score. Structural imagining data and duration of 
alteration of consciousness (AOC) is also considered in some circumstances.  
Score range and consequent severity classification for each of these parameters are 
detailed in Table A.1. Data included here is primarily taken from the Department of Defense 
and Department of Veterans Affairs (2008), and included with reference to the following 
publications; Helps et al. (2008), Mathias & Coats (1999); McAllister et al. (1999); 
McWilliams & Schmitter-Edgecombe (2008), and Ponsford, Draper, et al. (2008). 
 
 
Table A.1 
Traumatic Brain Injury (TBI) Parameters for Severity Classification 
 
 Severity Classification 
 Mild Moderate Severe 
LOC 0-30min >30min and <24hrs >24hrs 
PTA 0-24hrs >1day and <7days >7 days 
GCS 12-15 9-11 3-8 
AOC 24hrs or less >24hrs – severity determined by additional parameters 
Imaging Normal structural imaging Normal or abnormal structural imaging 
 
Note. LOC = Loss of Consciousness; PTA = Post Traumatic Amnesia; GCS = Glasgow Coma Scale; AOC = 
Alteration of Consciousness. Parameters do not apply to penetrating brain injuries where the dura matter is breached. 
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Appendix C: Stroop Interference and Switching-Interference                                    
Derived Score Calculations 
 
Stroop Interference and Switching-Interference derived score calculations were 
performed in accordance with the existing literature (e.g., Barch et al., [2004], Ben-David et 
al. [2011], and Rios et al., [2004]). The formula for these calculations is as follows; 
Interference or Switching-Interference Score = I/S – CW 
Where I/S = Stroop Inhibition or Inhibition-Switching Trial Score 
CW = (Stroop Colour x Stroop Word Trial Scores) / (Stroop Colour + Stroop Word) 
 
Appendix D: Trail Making Task (Reitan, 1955; 1958) 
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Appendix F: Research Pamphlet Distributed to Clinicians at CBDATS 
 
 
Appendix G: Plain Language Statement and Participant Consent 
 
 
 
 
 
Appendix H: Screening Questionnaire 
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Appendix J:  Hospital Anxiety and Depression Scale (HADS)                                    
(Zigmond & Snaith, 1983), the LEEDS Dependence Questionnaire                              
(Raistrick et al., 1994), and the Edinburgh Handedness Inventory (Oldfield, 1971) 
 
 
 
 
 
  
Appendix K: Debriefing Statement 
 
Appendix L: Non-significant Categorical Group Comparisons 
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Figure L1. Percentage of participants at each level of education across the four participant groups. Percentage differences are not significant.  
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Figure L2. Percentage of participants qualifying for LEEDS Dependence Questionnaire categories across 
participant groups. Percentage differences are not significant.  
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Figure L3. Percentage of participants qualifying for HADS Depression Questionnaire categories across 
participant groups. Percentage differences are not significant.  
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Appendix M: Scale for the Assessment of Thought, Language,                                        
and Communication (TLC); TLC Disorder Global Rating Cutoffs (Andreasen, 1986) 
 
0 =  No TLC disorder; Occasional instances of the less pathological forms and no more than one 
instance of the more pathological (which is felt in context to be clinically insignificant). 
1= Mild TLC disorder; Occasional instances of TLC disorder which are felt in context to be mild but 
clinically significant. 
2= Moderate TLC disorder; Significant wand unquestionable impaired verbal output which leads to a 
moderate disturbance in communication at least from time to time. 
3= Severe TLC disorder; Disorder significant enough to impair communication for a substantial part 
of the interview; many instances of the more pathological manifestations of TLC. 
4= Extreme TLC disorder; TLC disorder so severe that communication is difficult or impossible most 
of the time.  
 
Appendix N: Clustering and Switching Analysis Procedure                                     
(Troyer et al., 1997, pp.145-6) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Clustering and Switching Analysis Procedure (Troyer et al., 1997, pp.145-6) (continued) 
 
 
Appendix O: Prime-TARGET Stimuli (Semantic Priming Task) 
Table O1 
Full List of Prime-TARGET Semantic Pairs (Matched) 
Prime-TARGET Critical Pairs Allocated to Each Set 
Set A  Set B  Set C  Set D 
track-TRAIL  coat-JACKET  pull-DRAG  pause-HESITATE 
smile-FROWN  street-AVENUE  jerk-SHOVE  dinner-LUNCH 
hockey-RUGBY  house-FLAT  wipe-RUB  lake-RIVER 
mile-INCH  growth-INCREASE  physics-BIOLOGY  centimetre-MILLIMETRE 
parcel-ENVELOPE  icon-SYMBOL  vegetable-CEREAL  carrot-CELERY 
earth-HEAVEN  gram-OUNCE  silk-LINEN  poem-NOVEL 
football-GOLF  damp-MOIST  guitar-CELLO  nut-BEAN 
road-PATH  thump-FIST  kick-KNOCK  grass-LAWN 
jumper-VEST  decade-CENTURY  car-BUS  palace-CASTLE 
rain-FOG  almond-PEANUT  baby-CHILD  sing-CHORUS 
bacon-PORK  wet-SLIPPERY  roof-CHIMNEY  rose-LILY 
morning-NIGHT  crisis-PROBLEM  ridge-LINE  hide-CONCEAL 
fly-GLIDE  jazz-DANCE  cool-CHILL  beach-COAST 
blow-STORM  graph-CHART  ballet-OPERA  spice-HERB 
oil-GAS  bride-WIFE  solo-DUET  bounce-THROW 
mud-DIRT  thread-WIRE  screw-TWIST  sofa-LOUNGE 
bleach-MOP  wagon-CART  cow-GOAT  ankle-ELBOW 
oven-KITCHEN  wheat-FLOUR  mountain-VALLEY  advice-HELP 
grin-SMIRK  lift-SHAFT  estate-MANOR  float-DRIFT 
pedal-WHEEL  snail-CRAB  effort-INITIATIVE  sheet-BLANKET 
anger-FEAR  lover-FRIEND  uniform-COSTUME  dawn-DUSK 
gravy-SAUCE  carry-DROP  hair-FACE  bucket-SPOON 
spouse-PARTNER  stove-PAN  pillow-CUSHION  garden-SUNSHINE 
junior-YOUTH  stereo-RADIO  talent-SKILL  breakfast-YOGHURT 
 
Table O2 
Full List of Prime-TARGET Semantic Pairs (Unmatched) 
Prime-TARGET Unmatched Pairs Allocated to Each Set 
Set A  Set B  Set C  Set D 
Track-GAS  Coat-CART  Mountain-SHOVE  Advice-RIVER 
Smile-TRAIL  Street-PEANUT  Physics-DUET  Beach-HESITATE 
Hockey-SMIRK  House-WIRE  Baby-SKILL  Ankle-LUNCH 
Mile-ENVELOPE  Growth-SHAFT  Car-VALLEY  Breakfast-LAWN 
Parcel-STORM  Icon-CHART  Effort-BUS  Spice-YOGHURT 
Earth-WHEEL  Gram-FLAT  Solo-GOAT  Centimetre-CELERY 
Football-PARTNER  Damp-DROP  Hair-RUB  Sheet-DUSK 
Road-GOLF  Thump-FLOUR  Wipe-INITIATIVE  Hide-HERB 
Jumper-MOP  Decade-PAN  Roof-COSTUME  Palace-ELBOW 
Rain-HEAVEN  Almond-SLIPPERY  Estate-CHILD  Dawn-CASTLE 
Bacon-DIRT  Wet-AVENUE  Guitar-CHILL  Carrot-LOUNGE 
Morning-FEAR  Crisis-OUNCE  Talent-CHIMNEY  Nut-MILLIMETRE 
Fly-KITCHEN  Jazz-FRIENDS  Ballet-LINE  Garden-CONCEAL 
Blow-VEST  Graph-CENTURY  Pull-BIOLOGY  Dinner-CHORUS 
Oil-FOG  Bride-DANCE  Silk-OPERA  Bounce-BEAN 
Mud-PORK  Thread-FIST  Ridge-CUSHION  Lake-THROW 
Bleach-YOUTH  Wagon-PROBLEM  Pillow-DRAG  Grass-SPOON 
oven-RUGBY  Wheat-CRAB  Cool-CEREAL  Rose-BLANKET 
Grin-INCH  Lift-WIFE  Cow-FACE  Sing-COAST 
Pedal-FROWN  Snail-JACKET  Uniform-TWIST  Bucket-NOVEL 
Anger-SAUCE  Lover-INCREASE  Vegetable-KNOCK  Float-LILY 
Gravy-PATH  Carry-SYMBOL  Kick-MANOR  Sofa-SUNSHINE 
Spouse-NIGHT  Stove-RADIO  Screw-LINEN  Poem-DRIFT 
Junior-GLIDE  Stereo-MOIST  Jerk-CELLO  Pause-HELP 
 
 
 
 
Table O3 
Full List of Prime-TARGET Filler Pairs 
Prime-TARGET Matched/Unmatched Filler Pairs Allocated to Each Set 
Set E (Matched)  Set E(Unmatched)  Set F (Matched)  Set F(Unmatched) 
Cigar-CIGARETTE  Cigar-CATEGORY  Down-HILL  Down-PURSE 
Type-CATEGORY  Type-RIDER  Page-LETTER  Page-TOY 
Sitting-ROOM  Sitting-LUNG  Swollen-BLOATED  Swollen-DUSTER 
Example-ILLUSTRATION  Example-PINE  Court-JUSTICE  Court-GRAPE 
Chalk-MARBLE  Chalk-TORTOISE  Work-LABOUR  Work-COCKROACH 
Office-DEPARTMENT  Office-BANDAGE  Smack-LAUGH  Smack-ORCHESTRA 
Belief-ASSUMPTION  Belief-SMOKE  Flute-ORCHESTRA  Flute-SHRUB 
Worm-CATERPILLAR  Worm-LEVEL  Glitter-SILVER  Glitter-WRITING 
Text-PAPER  Text-BATH  Script-WRITING  Script-CURD 
Milk-WATER  Milk-MARBLE  Picnic-DISCO  Picnic-TROMBONE 
Sink-BATH  Sink-PAPER  Blade-SCALPEL  Blade-INSECT 
Drive-SPEED  Drive-WIN  Biscuit-MUFFIN  Biscuit-BOW 
Hook-PIN  Hook-STRAW  Trumpet-TROMBONE  Trumpet-CLOUD 
Fight-WIN  Fight-POND  Lance-SPEAR  Lance-GOOD 
Degree-LEVEL  Degree-HELMET  Ribbon-BOW  Ribbon-ALE 
Wrist-CLOCK  Wrist-CREATURE  Sky-CLOUD  Sky-CHISEL 
Book-COMIC  Book-MOCK  Signal-BOX  Signal-DISCO 
Wild-CREATURE  Wild-COKE  Beer-GRAPE  Beer-GREEN 
Hero-LEGEND  Hero-DITCH  Ginger-ALE  Ginger-BADGER 
Pit-DITCH  Pit-STAR  Sail-YACHT  Sail-DROPPING 
Barn-SHED  Barn-TAIL  Peel-JUICE  Peel-YACHT 
Plaster-CEMENT  Plaster-ORANGE  Plant-GREEN  Plant-FAT 
Towel-COMB  Towel-HINT  Web-INSECT  Web-MUFFIN 
Column-PARAGRAPH  Column-LEGEND  Commodity-GOOD  Commodity-FEVER 
News-REPORT  News-SHIRT  Riddle-JOKE  Riddle-CYMBAL 
Cake-ICING  Cake-ROOM  Bolt-CHISEL  Bolt-TUNE 
Shape-CUBE  Shape-CEMENT  Bull-HORNS  Bull-LAUGH 
Copper-BRONZE  Copper-CUBE  Whistle-TUNE  Whistle-JUICE 
Tan-SHINE  Tan-NEEDLE  Axe-HATCHET  Axe-BOX 
Cherry-CHRISTMAS  Cherry-CLOCK  Thick-FAT  Thick-LABOUR 
Button-SHIRT  Button-CHRISTMAS  Artificial-INTELLIGENCE  Artificial-HORNS 
Pear-ORANGE  Pear-RABBIT  Pigeon-DROPPING  Pigeon-SILVER 
Wing-TAIL  Wing-WATER  Coal-PETROL  Coal-LETTER 
Telescope-STAR  Telescope-DEPARTMENT  Beetle-COCKROACH  Beetle-SPEAR 
Hamster-RABBIT  Hamster-BRONZE  Game-TOY  Game-BLOATED 
      (continued) 
 
Table O3 
Full List of Prime-TARGET Filler Pairs (continued) 
Prime-TARGET Matched/Unmatched Filler Pairs Allocated to Each Set 
Set E (Matched)  Set E(Unmatched)  Set F (Matched)  Set F(Unmatched) 
Soda-COKE  Soda-SPEED  Grease-AXLE  Grease-LOFT 
Tease-MOCK  Tease-PARAGRAPH  Peach-RIPE  Peach-SCALPEL 
Canal-POND  Canal-SHINE  Temperature-FEVER  Temperature-HATCHET 
Bike-HELMET  Bike-CIGARETTE  Spider-CRAWL  Spider-PETROL 
Suck-STRAW  Suck-COMB  Sponge-ABSORB  Sponge-SWING 
Powder-SMOKE  Powder-REPORT  Park-SWING  Park-JOKE 
Clue-HINT  Clue-SHED  Feather-DUSTER  Feather-INTELLIGENCE 
Turtle-TORTOISE  Turtle-PIN  Bald-BADGER  Bald-ABSORB 
Gauze-BANDAGE  Gauze-ILLUSTRATION  Attic-LOFT  Attic-RIPE 
Cotton-NEEDLE  Cotton-COMIC  Wallet-PURSE  Wallet-AXLE 
Fern-PINE  Fern-ICING  Foliage-SHRUB  Foliage-CRAWL 
Jockey-RIDER  Jockey-ASSUMPTION  Drum-CYMBAL  Drum-JUSTICE 
Heart-LUNG  Heart-CATERPILLAR  Cheese-CURD  Cheese-HILL 
 
Table O4 
Full List of Prime-TARGET Pseudo Pairs 
Prime-TARGET Pseudo Pairs Allocated to Each Set 
Set G  Set G (Continued)  Set H  Set H (Continued) 
Beam-MURT 
 
Badge-THRISH 
 
Seed-SKUTS 
 
Cancer-SPLAVVED 
Pasta-PHAIR 
 
Pour-ROOP 
 
Machine-SHORL 
 
Tooth-SCWOON 
Opal-DEILS 
 
Wall-MINELLE 
 
Choir-BREAS 
 
Highway-RAL 
Lorry-AMBOW 
 
Bun-KEINED 
 
Emerald-NOOS 
 
Siren-BETOR 
Whisk-HUDE 
 
Song-HETES 
 
Vote-SNORL 
 
Saddle-YELT 
Canary-PSOUDES 
 
Slave-SHRISE 
 
Cream-SONOUS 
 
Vinegar-NAZZ 
Gutter-YAL 
 
Market-FRIBBS 
 
Stocking-SHIRS 
 
Tart-TARC 
Liquid-RURP 
 
Foil-STURE 
 
Queen-KNEULLS 
 
Diary-CLAIN 
Walnut-CAK 
 
Husband-TOEB 
 
Swamp-GNIP 
 
Slug-KYP 
Leaflet-OUNTE 
 
Student-TROB 
 
Hedge-GORDS 
 
Sewer-DWELP 
Flow-STEEVED 
 
Brush-FUS 
 
Tank-SHRIME 
 
Zinc-BEESE 
Scarf-FALD 
 
Ham-BER 
 
Bark-KRYLSE 
 
Lane-MIERS 
Verse-VADE 
 
Harves-SIME 
 
Strip-RHYNE 
 
Pump-ATOWN 
Spoke-STRAUDS 
 
Sleeve-WRIVED 
 
Horn-SWEMPS 
 
Enemy-CLOE 
Scene-DRARFED 
 
Stick-WIRP 
 
Angel-JUMMS 
 
Stool-GRAZZ 
Erode-PHUGS 
 
Dish-PITE 
 
Camera-CLOM 
 
Elm-CWIGS 
Spike-SNOXT 
 
Doll-BRAXE 
 
Moss-FENGY 
 
Want-RHEAZZED 
Disk-SAMS 
 
Uncle-JOUR 
 
Plumb-WOB 
 
Yawn-SWOTHED 
Hospital-YECS 
 
Mixer-RAWKED 
 
Barrel-RYNE 
 
Frock-GWURME 
Farm-SWOG 
 
Teacher-GHREESTS 
 
Wharf-FLAIS 
 
Pollen-TOST 
Entrance-GWIG 
 
Reality-SPRATHS 
 
Aunt-SCARKES 
 
Atlas-BAUGHS 
Waltz-DURS 
 
Bible-SURTS 
 
Corn-POW 
 
Maze-YEIGH 
Stable-CIVE 
 
Design-BIFT 
 
Crew-MOWDS 
 
Napkin-LALBS 
Minister-LISSED 
 
Lying-PERP 
 
Trial-ZEA 
 
Supper-MORTCH 
Beef-GWIND 
 
Bank-SEG 
 
Skull-YABS 
 
Violin-ARTHED 
Club-SPIFES 
 
Heavy-WUNG 
 
Dancer-FON 
 
Fall-PEIKED 
Ear-WRYPPED 
 
Draw-PUM 
 
Timber-THROAM 
 
Flag-PHIEVES 
Porch-KLISPS 
 
Bench-RAWP 
 
Village-STARZED 
 
Wind-TONDLE 
Theory-ZABS 
 
Medal-PRADE 
 
Grey-ELIT 
 
Yak-GRITZ 
Cabbage-ZETH 
 
Notion-ANOM 
 
Pants-SKOT 
 
Tumble-SNULMS 
Double-KED 
 
Clover-PUME 
 
Rat-BAID 
 
Keg-BLENN 
Coral-NAL 
 
Cabin-FEM 
 
Pliers-STOM 
 
Cord-GREBS 
Event-SCOO 
 
Faint-YEND 
 
Balloon-HOY 
 
Gallery-COUS 
Deer-BYNE 
 
Board-VOSH 
 
Cage-VURGED 
 
Crescent-GREAN 
Boss-QUOIGNED 
 
Goal-NUM 
 
Curb-DERK 
 
Harp-RAMN 
 
 
 
 
 
 
(continued) 
Table O4 
Full List of Prime-TARGET Pseudo Pairs (continued) 
Prime-TARGET Pseudo Pairs Allocated to Each Set 
Set G  Set G (Continued)  Set H  Set H (Continued) 
Cleaner-NOMS 
 
Movie-POLT 
 
Zone-SCOOV 
 
Motor-PESE 
Tongs-SPURB 
 
Drunk-THROOTS 
 
Steak-PHORD 
 
Molecule-VINCS 
Nerve-LEEFS 
 
Shot-CLAPTH 
 
Croak-ZIEC 
 
Premier-YUIFFED 
Limp-QUOON 
 
Baseball-SCICKS 
 
Burger-NAUSED 
 
Soldier-MIRCKS 
Weep-STREPT 
 
Thrill-BLELB 
 
Happen-WHUIST 
 
Blink-DEEZZED 
Volley-BLURNED 
 
Gallop-WEABB 
 
Noble-JAWQUE 
 
Outline-TROOND 
Chess-GHAVES 
 
Soup-STELGN 
 
Desk-LUXT 
 
Set-LOULT 
Polo-FEEPE 
 
Fancy-HABE 
 
Sponsor-LALTCH 
 
Mood-GNIRN 
Once-ZUNKS 
 
Chin-CLEIFS 
 
Agree-TOUNNED 
 
Screen-FRAXTE 
Setting-TUITHED 
 
Weather-PHRURGN 
 
Soccer-BRUPTH 
 
Straighten-SKURGNS 
Tenant-SESSED 
 
Fresh-SHYLMN 
 
Food-HOIDD 
 
Dart-KAIMED 
Jeep-SOURKED 
 
Seafood-KNAULS 
 
Pretend-QUORMS 
 
Motion-TRAPHT 
Swivel-PLOVES 
 
Define-PROUGED 
 
Forget-VEIKS 
 
Tennis-FREIFED 
 
 
 
 
Table O5 
Mean, Standard Deviation, Range, and Significance of Mean Differences between Prime-
TARGET Word Stimulus Parameters  
 Prime†  Target†   
 Mean SD Range  Mean SD Range tª p 
Number Letters 5.08 1.34 3-10  5.23 1.43 3-10 -.94 .35 
Number Phonemes 4.11 1.34 0-9  4.19 1.47 0-8 -.35 .73 
Number Syllables 1.54 0.65 1-4  1.53 0.77 0-4 .13 .90 
Kucera-Francis*  
Lexical Categories 
6.72 5.07 0-15  6.38 5.33 0-15 .74 .46 
Kucera-Francis*  
Word Frequency 
52.06 78.11 0-601  52.26 88.67 0-424 -.02 .99 
Familiarity Score 436.06 222.26 0-694  389.03 243.09 0-644 1.56 .12 
Concreteness Score 390.60 242.58 0-629  332.15 258.20 0-637 1.78 .08 
Age of Acquisition 118.58 163.23 0-523  139.84 164.82 0-475 -1.34 .18 
Number of  
Phonological Neighbours 
5.25 7.24 0-32  4.40 5.55 0-25 1.06 .29 
 
†Prime: 62% noun, 14.6% verb, 15.6% noun/verb, 3.1% noun/adjective, 2.1% noun/verb/adjective; 
†Target: 49% noun, 11.5% verb, 34.4% noun/verb, 4.2% noun/adjective, 1% noun/verb/adjective 
ªPaired samples t-test statistic 
*Kucera & Francis (1967) 
 
  
 
 
 
Appendix P: Word List Counterbalancing Procedures and Priming Sequence Allocation 
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B4 
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Semantic Word Pairs (n =48) 
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Semantic Word Pairs (n =48) 
High Relatedness Proportion  
(RP = 75%) 
 
Related 
 
Semantic Word Pairs 
(n = 24) 
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Semantic Word Pairs 
(n = 24) (Jumbled) 
+ 
48 Filler (Jumbled) 
Related 
 
Semantic Word Pairs  
(n = 24) 
+ 
48 Filler (Related) 
Unrelated 
 
Semantic Word Pairs 
(n = 24) (Jumbled) 
 
96 Pseudo 
GB2 
 
 
96 Pseudo 
GA2 
 
96 Pseudo 
GA1 
 
96 Pseudo 
GB1 
 
 
192 Pseudo Word Pairs 
 
 
96 Filler Word Pairs 
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48 Filler 
FA1 
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48 Filler 
FB2 
Related 
48 Filler 
FB1 
Related 
48 Filler 
FA2 
Figure Q1. Word list counterbalancing procedures are shown. Four lists of 
semantic pairs were created (Sets A–D), counterbalanced across 
related/unrelated conditions for both short and long SOAs (subsets 1-4). Two 
lists of filler pairs were created (Sets FA & FB), counterbalanced across 
related/unrelated conditions. Filler pairs were not counterbalanced across SOAs 
because they were fixed to short and long SOAs in unrelated and related forms, 
respectively, to manipulate relatedness proportion (RP). Two lists of pseudo 
pairs were created (Sets GA & GB), counterbalanced across SOAs. Pseudo pairs 
were not counterbalanced across related/unrelated conditions because they are 
nonwords and thus have no semantic relationship to the prime. In total, eight 
unique priming sets were created using this procedure of counterbalancing (i.e., 
four at each SOA, see Table Q1). Sets from each SOA were then paired to 
create four unique priming sequences (see Table Q2). In this way, no participant 
saw any given word pair more than once. Priming sequences were 
counterbalanced across participants within each group so that an equal 
proportion saw each of the four sequences.  
Table P1 
Prime-TARGET Pair List Allocation of Sets One to Eight 
SOA Short (250ms)  Long (750ms)  Short (250ms)  Long (750ms) 
Sets Set 1 Set 2  Set 3 Set 4  Set 5 Set 6  Set 7 Set 8 
Semantic Pairs 
List A1 
Related (24) 
List A2 
Unrelated (24)  
List C1 
Related (24) 
List C2 
Unrelated (24)  
List C3 
Related (24) 
List C4 
Unrelated (24)  
List A3 
Related (24) 
List A4 
Unrelated (24) 
 
List B1 
Unrelated (24) 
List B2 
Related (24)  
List D1 
Unrelated (24) 
List D2 
Related (24)  
List D3 
Unrelated (24) 
List D4 
Related (24)  
List B3 
Unrelated (24) 
List B4 
Related (24) 
Filler pairs 
List FA1 
Unrelated (48) 
List FB2 
Unrelated (48)  
List FA2 
Related (48) 
List FB1 
Related (48)  
List FB1 
Unrelated (48) 
List FA2 
Unrelated (48)  
List FA2 
Related (48) 
List FB1 
Related (48) 
Pseudo pairs List GA1 (96) List GB2 (96)  List GA2 (96) List GB1 (96)  List GB1 (96) List GA2 (96)  List GA2 (96) List GB1 (96) 
 
 
 
 
 
 
Table P2 
Priming Sequence Allocation 
Priming Sequence Set 
1 1 & 4 
2 2 & 3 
3 5 & 8 
4 6 & 7 
Note. Priming sequences were counterbalanced across participants for each cohort. 
Appendix Q: Pseudo Random Sequence Sets for the Probabilistic Reasoning Task 
The predetermined sequence of beads for the Probabilistic Reasoning Task was taken 
from Colbert and Peters (2002) for the first trial (85:15 ratio), and from Dudley, John, Young, 
and Oliver, (1997) for the second trial (60:40 ratio). The bead sequence for both versions of 
trials one and two is contained in Table R1.  
Table R1 
Pseudo Random Bead Sequences across Trials 
Trial Version Ratio Correct Answer Bead Sequence 
1 1 
85:15 
Pink/Blue 
Jar A 
 
 2 
85:15 
Blue/Pink 
Jar B 
 
2 1 
60:40 
Yellow/Red 
Jar C 
 
 2 60:40 
Red/Yellow 
Jar D  
 
Appendix R: The National Adult Reading Test                                                                
(NART; Nelson, 1981) and Conversion Formula 
 
Word List in alphabetical order 
 
abstemious 
ache 
aeon 
aisle 
assignate 
aver 
banal 
beatify 
bouquet 
campanile  
capon 
catacomb 
cellist 
chord 
courteous 
debt 
demesne 
deny 
depot 
détente 
drachm 
equivocal 
façade 
gaoled 
drachm 
equivocal 
façade 
gaoled 
gauche 
gist 
gouge 
heir 
hiatus 
idyll 
labile 
leviathan 
naïve 
leviathan 
naïve 
nausea 
placebo 
prelate 
procreate 
psalm 
puerperal 
quadruped  
radix 
rarefy 
sidereal  
simile 
subtle 
superfluous 
syncope 
thyme 
topiary 
zealot 
 
  
Appendix S: The Statistical Inappropriateness of                                                       
Analysis of Covariance (ANCOVA) with the current dataset 
 
Analysis of covariance (ANCOVA) aims to evaluate whether the population means 
on a dependent variable are the same across all levels of a factor (i.e. the independent 
variable, such as participant group), after adjusting for the influence of one or more 
alternative variables (i.e. the covariate) (Green & Salkind, 2004; Tabachnick & Fidell, 2007). 
However, the research community often overlook that various conditions must first be met by 
any given dataset before ANCOVA is considered an appropriate analysis technique; (i) 
participant groups must be randomly assigned, (ii) participant groups must not differ on the 
covariate(s), and (iii) variables must be independent (not overlapping) constructs (Miller & 
Chapman, 2001). In a thorough discussion Miller and Chapman (2001) indicate that, the use 
of ANCOVAs to remove the influence of pre-existing group differences is erroneous and, in 
fact “no such analytic method is available, nor can one be developed,” and that despite an 
“overwhelming case against inappropriate attempts to "control for" such group differences, 
they remain common in research literature...” (p. 41, see Miller and Chapman [2001] for full 
mathematical and theoretical argument).  
Given the likelihood that pre-existing characteristics associated with traumatic brain 
injury and schizophrenia would influence neurocognitive performance in this research, the 
temptation to apply this technique is understandable. In particular, the effects of executive 
dysfunction are likely to be considerable, as was reinforced by correlational analyses 
(Chapter Eight). Nonetheless, because the current dataset violated all three of the 
aforementioned requirements, the application of ANCOVA was statistically inappropriate, 
and thus not utilised in analyses: (i) participant groups were defined by pre-existing illness 
and/or injury, instead of randomly assigned, (ii) group differences were demonstrated on 
potential covariates either by group-wise analysis or by data plots (see Table U1 and Figures 
U1 to U17), (iii) potential covariates overlapped with neurocognition, given that, as noted and 
demonstrated by correlational analyses in Chapter Eight, many of these are inextricably 
linked. Figures U1 to U17 demonstrate (ii) using the RBANS Total score as an example. 
Injury severity (PTA), SAPS current delusions, TLC Global demonstrated group similarities, 
however, given the violation of (i) and (iii) these remained unsuitable for ANCOVA.  
Table S1 
Group-wise Significance Values on Potential Covariates 
Potential Mediator (Covariate) p value* 
Age of injury (yrs) NS 
Injury severity (LOC) (min) NS 
Injury severity (PTA) (min) NS 
Time since injury (yrs) .004 
Age of Illness Onset (yrs) NS 
Illness Onset Latency (mths) - 
Illness Duration (yrs) NS 
Antipsychotic Medication % Maximum Dosage NS 
PANSS Delusions NS 
PANSS Positive Scale NS 
PANSS Negative Scale .03 
PANSS General Scale NS 
PANSS Total NS 
SAPS current hallucination NS 
SAPS lifetime hallucinations NS 
SAPS current delusions NS 
SAPS lifetime delusions NS 
TLC Total Score NS 
TLC Global Score NS 
Processing Speed (TMT A) .009 
Attention (RBANS Index) <.001 
HADS anxiety .02 
Premorbid (NART) IQ NS 
WASI Full Scale IQ <.001 
Total education (yrs) .05 
* See Chapters Six and Seven for additional group-wise statistical data 
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Figure S1. Scatterplot of RBANS Total and age of injury (yrs) by group. 
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Figure S2. Scatterplot of RBANS Total and injury severity (LOC) (min) by group. 
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Figure S3. Scatterplot of RBANS Total and injury severity (PTA) (min) by group. 
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Figure S4. Scatterplot of RBANS Total and age of illness onset (yrs) by group. 
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Figure S5. Scatterplot of RBANS Total and illness duration (yrs) by group. 
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Figure S6. Scatterplot of RBANS Total and % maximum antipsychotic dosage by group. 
Schizophrenia 
-4.5
-4
-3.5
-3
-2.5
-2
-1.5
-1
-0.5
0
0.5
1
z-
S
co
re
healthy control traumatic brain injury without psychosis (TBIWP) schizop r psychosis following TBI (PFTBI)Psychosis fo lo i  ( FTBI) 
-4.5
-4
-3.5
-3
-2.5
-2
-1.5
-1
-0.5
0
0.5
1
z-
S
co
re
healthy con rol traumatic brain injury without psychosis (TBIWP) schizophrenia p hosis foll wing TBI (PFTBI)I P
z-
S
co
re
c
Schizophrenia 
-4.5
-4
-3.5
-3
-2.5
-2
-1.5
-1
-0.5
0
0.5
1
z-
S
co
re
healthy control traumatic brain injury without psychosis (TBIWP) schizop r psychosis following TBI (PFTBI)Psychosis fo lo i  ( FTBI) 
-4.5
-4
-3.5
-3
-2.5
-2
-1.5
-1
-0.5
0
0.5
1
z-
S
co
re
healthy con rol traumatic brain injury without psychosis (TBIWP) schizophrenia p hosis foll wing TBI (PFTBI)I P
z-
S
co
re
c
020
40
60
80
100
120
140
0 1 2 3 4 5 6 7 8
R
B
A
N
S
 T
o
ta
l
PANSS Delusions
 
 
Figure S7. Scatterplot of RBANS Total and PANSS Delusions by group. 
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Figure S8. Scatterplot of RBANS Total and PANSS Positive Scale by group. 
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Figure S9. Scatterplot of RBANS Total and PANSS General Scale by group. 
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Figure S10. Scatterplot of RBANS Total and PANSS Total by group. 
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Figure S11. Scatterplot of RBANS Total and SAPS Current Hallucinations by group. 
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Figure S12. Scatterplot of RBANS Total and SAPS Lifetime Hallucinations by group. 
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Figure S13. Scatterplot of RBANS Total and SAPS Current Delusions by group. 
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Figure S14. Scatterplot of RBANS Total and SAPS Lifetime Delusions by group. 
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Figure S15. Scatterplot of RBANS Total and TLC Total by group. 
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Figure S16. Scatterplot of RBANS Total and TLC Global by group. 
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Figure S17. Scatterplot of RBANS Total and premorbid (NART) IQ by group. 
 
Appendix T: Mediators of Cognitive Neuropsychological Performance;                      
Relationships at trend level (p< .05) 
 
Chapter Eight identified a number of relationships between mediators and 
neurocognition, where p < .05. As noted, alpha was set at p < .01 to correct for multiple 
comparisons. However, with reference to the identification of critical mediators in the 
literature on TBI and psychosis (Chapter Five), these trends are briefly presented here. 
Correlation coefficients for these analyses were contained in Chapter Eight. 
For the healthy cohort; (i) slower processing speed may also be related to 
phonological fluency, (ii) increased attention to mental inhibition (Stroop), and (iii) increased 
current IQ may facilitate Immediate and Story Memory on the RBANS, phonological 
fluency, and verbal IQ.  
Patients with TBIWP demonstrated trends between; (i) later age of injury and better 
mental switching on the TMT (difference score), (ii) greater injury severity according to LOC 
and poorer recall (List Recall and Story Recall), as well as mental switching on the Stroop, 
(iii) greater injury severity according to PTA and reduced memory (Immediate and Story), as 
well as reduced phonological fluency (‘a’), (iv) better processing speed and Stroop mental 
switching, (v) better attention and better Digit Span, processing speed (Stroop word), mental 
switching (TMT Form B and difference score), and better IQ (WASI subscale performance), 
(vi) better premorbid IQ and better Story Memory and Digit Span on the RBANS, (vii) better 
current IQ and processing speed (Stroop word), and finally, (viii) more education (yrs) and 
better List Recall.  
In schizophrenia; (i) later age of illness onset may be related to increased IQ (Full 
Scale and visuo-spatial), (ii) longer illness duration with poorer Story Memory, Coding, 
mental inhibition (Stroop), mental switching (TMT), and reduced current and verbal IQ, (iii) 
higher scores on the PANSS Delusions scale with better List Recall, (iv) increased lifetime 
hallucinations with better phonological fluency (both ‘a’ and total), (v) higher total scores on 
the PANSS with reduced Figure Recall, (vi) slower processing speed with Visuo-spatial 
processing, Story Memory and Digit Span on the RBANS, (vii) better attention with 
inhibition and switching (Stroop) as well as verbal IQ, (viii) increased premorbid IQ with 
Story Memory and current IQ (subscales), and finally, (ix) increased current IQ with Visuo-
spatial processing, Story Memory and the Total RBANS score. 
For the dually-diagnosed PFTBI patients trends were identified between; (i) greater 
injury severity according to LOC and better Coding on the RBANS, Stroop performance 
(except the colour trial), and mental switching (TMT), (ii) greater injury severity according to 
PTA and poorer Immediate Memory, List Learning, Figure Recall, Stroop word, colour and 
inhibition trials, (iii) an older age of psychosis onset and better mental switching (TMT), (iv) 
higher percentage of the maximum antipsychotic dose and better phonological fluency, (v) 
increased negative symptoms on the PANSS and better Visuo-spatial processing and current 
IQ, (vi) increased general symptoms and better current and verbal IQ, (vii) greater lifetime 
hallucinations and better List Recall, (viii) PANSS Total score and better mental switching, 
(ix) faster processing speed with better Immediate Memory, Attention, List Learning, Digit 
Span, Figure Recall, phonological fluency (subtest ‘a’), and remaining Stroop trials (others 
were significant at p < .01), (x) better attention and better List Learning, (xi) higher 
premorbid IQ and better Immediate Memory, List Learning and verbal IQ, and finally (xii) 
greater education with better current IQ (Full Scale and subscales).  
It is noted that akin to the findings detailed in Chapter Eight, these trends show an 
increase in relationships as impairment increases across cohorts. They also identify greater 
injury-based relationships, the potential for the effects of symptoms in both psychotic 
cohorts, and medication dose in PFTBI. Importantly, there was a trend for the relationship 
between negative symptoms and neurocognition in PFTBI, and this may warrant further 
investigation given that negative symptoms have been hypothesised as a diagnostic 
distinction. On the other hand, symptom-based relationships were counter-intuitive in 
direction in PFTBI. Further, the potential influence of greater education was suggested in the 
TBI cohorts alone. This was specific to List Recall in TBIWP which is not immediately 
explicable. However, in PFTBI, greater education may influence higher IQ, which could have 
implications for treatment.  Given the issues with alpha correction for this analysis it is highly 
likely that some of these relationships are spurious, however because of the novel nature of 
this research these trends are highlighted here as variables for further investigation.  
Appendix U: Peer-Reviewed Publications 
ORIGINAL PAPER
Impaired semantic memory in the formation and maintenance
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Abstract This paper proposes a new cognitive model to
explain the aetiology of delusions irrespective of diagnosis
and/or phenomenology. The model hypothesises the influ-
ence of two processes in the formation and maintenance of
delusions; (i) impaired perceptual abilities, particularly
affect perception, which fosters the encoding of (ii) idio-
syncratic semantic memories, especially those with an
affective/self-referential valence. Previous research has
established that schizophrenia patients with delusions have
impaired semantic memory function. In the current paper
we sought to provide evidence for (ii) abnormal semantic
processing in persons with delusions with an alternative
aetiology. Performance of four cases with a significant
delusion post a traumatic brain injury was examined on a
broad range of semantic memory tests. Overall semantic
processing was impaired in the four cases relative to a
normative healthy control sample. Cases performed better
on tasks which required categorical identification, relative
to the novel production of semantic information, which was
poor in all four of the cases. These data offer preliminary
evidence for our hypothesis of impaired semantic pro-
cessing in persons with delusions. Findings will need to be
empirically verified in larger sample groups and in those
with alternative aetiologies.
Keywords Delusions  Psychosis 
Traumatic brain injury  Semantic memory and perception
Background
Delusions have traditionally been viewed as the defining
characteristic of insanity. As Karl Jaspers observed ‘‘Since
time in memorial… to be mad was to be deluded’’ [25]. In
spite of this and the recognition of the prominence of
delusions within psychopathology, until the last 20 years,
there has been little empirical investigation into the aeti-
ology of delusions [6]. As well as occurring in disorders
such as schizophrenia, bipolar affective disorder, and
delusional disorder, delusions are also present in a number
of medical conditions, for example, dementia (16–70%
incidence rate in Alzheimer’s type; [4]), temporal lobe
epilepsy (7–23% [12]), and in up to 9% of individuals who
sustain traumatic brain injury (TBI) [12]. Delusions also
vary dramatically in terms of their associated phenome-
nology. In psychiatric cases, delusions can be widespread
and multi-thematic or they can be circumscribed and
monothematic. The same holds for organic delusions.
Delusional symptoms associated with temporal lobe dam-
age can be widespread and co-occur with other psychotic
symptoms, whereas right hemisphere brain damage tends
to result in monothematic delusions.
The multiplicity of conditions and the variable phe-
nomenology associated with delusions are clinically
important and theoretically challenging. Exploring what is
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common and what is different about delusions in varying
conditions, independent of phenomenology, is critical to
the development of a comprehensive cognitive model of
how individuals with delusions generate, evaluate, and then
accept and reject (usually if implausible) candidate beliefs,
and how those beliefs are then maintained. Such a com-
prehensive model will have practical applications. For
example, common cognitive features of delusions can be
used to improve and extend cognitive therapy models
applicable to any delusion, rather than those that exist for
paranoia only [8]. Thus, such therapy will be more diag-
nostically inclusive and cost-effective.
Cognitive models
There is no encompassing cognitive model to explain all
delusions, independent of aetiology or phenomenological
characteristics. It may be that all types of delusions,
regardless of differences in associated condition and/or
phenomenology, arise from a common cognitive impair-
ment. Alternatively, it may be that schizophrenia, affective
delusions, and ‘organic’ delusions are qualitatively distinct,
not only at a psychopathological level but also at a cog-
nitive level. To date, at least four explanations have been
put forward to explain delusions occurring in psychiatric
disorders [20]: (a) an overconfident ‘‘jumping to conclu-
sions’’ style of belief formation manifesting in abnormal
performances on probabilistic reasoning tasks [20, 24],
although, there are some failures to replicate [49]; (b) a
self-defensive attributional style biasing individuals
towards blaming other people, rather than any aspect of
themselves, for negative events, especially prominent in
individuals with paranoid/persecutory delusions but not
other delusional types [30]; and (c) a theory of mind deficit
resulting in an inability to represent the beliefs, thoughts,
and intentions of other people [11, 18, 32, 33]. However,
even though theory of mind deficits are highly replicable in
patients with schizophrenia, there is less convincing evi-
dence to suggest such a deficit is a factor in delusion for-
mation or maintenance. The last approach has stated that
delusions are the consequence of (d) a normal response to
an anomalous experience, for example, experiencing hal-
lucinations [34]. However, this does not account for delu-
sions in the absence of anomalous experiences (i.e.
delusional disorder and many organic delusions [9]).
New cognitive model
This paper proposes an alternative cognitive model to
explain the aetiology of all delusions in all conditions. This
innovative model hypothesises that delusions are the con-
sequence of impaired perceptual abilities, visual and audi-
tory, particularly affect perception. This results in the
encoding of unusual ideas, which leads to the formation of
idiosyncratic semantic memories, especially memories with
an affective/self-referential valence. In deluded individuals
there is continual confirmatory evidence for delusional
ideas from anomalous perception, but also feedback from
semantic memory that the belief concurs with previously
held beliefs and past experiences. It is not within the scope
of this paper to examine both aspects of this model. Thus,
this current work will focus on the proposal that persons
with delusions have abnormal semantic processing.
Anomalous sensory processing and perception has been
discussed in substantial detail in previous work [34, 47, 48].
In a review, McKenna [36] suggested that a natural link
between abnormal semantics and psychopathology is the
delusion; that is, they both involve aspects of meaning and
belief, and the belief is equated with their knowledge-base.
Delusions are commonly defined as abnormal beliefs, but
could also be construed as statements and inferences based
on a faulty knowledge-base or semantic system. All
semantic memories are acquired, stored, and may be
retrieved; if these processes were interfered with, or go
unchecked, this could lead to erroneous semantic memories
or false knowledge, i.e. delusions. Interestingly, impaired
semantic processes have long been recognised as being
central to cognitive deficits in patients with schizophrenia
(e.g. [2, 10, 22, 35, 38, 44–46]). However, more recent data
have established that a person’s store of knowledge—facts
about the world, and the meanings of words—appears to be
especially corrupt in schizophrenia patients with delusions
[28, 41–43]. A semantic priming experiment showed
reduced direct semantic priming but intact indirect priming
in patients with prominent delusions, especially when the
material had a negative valence [43]. Semantic fluency
production was significantly reduced in schizophrenia, and
especially so in those with delusions; the deluded patients
showed more idiosyncratic word associations [42]. Finally,
analysis of sentence verification errors demonstrated a bias
in the deluded patients with schizophrenia to accept
improbable sentences congruent with their delusional ideas
[41]. The results of these three studies were interpreted as
showing that the organisation of semantic information in
schizophrenia patients with delusions is different from
controls. In such individuals semantic information is shown
to be idiosyncratically and illogically organised: some
normal logical relationships between concepts are not
present and some abnormal associations are present [42];
illustrated in the prototypical semantic network in Fig. 1.
Thus, individuals with delusions are more prone to gener-
ating idiosyncratic, implausible ideas (the delusion) influ-
enced by anomalous perceptions. As their semantic
network is corrupt, the process of checking beliefs against
information in their semantic network does not result in
error detection, and is therefore accepted, in the same way
572 Eur Arch Psychiatry Clin Neurosci (2010) 260:571–581
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as a plausible belief, and is also maintained. Data from this
author is now confirming that it is indeed the store of
information and ideas, and not the access of information
that is the critical impairment [40].
Abnormalities in semantic processing have also been
reported in individuals experiencing delusions more fre-
quently associated with an organic origin, for example head
trauma, dementia, or cerebral vascular disease. Edelstyn
and Oyebode [15] have reviewed the Capgras Syndrome;
the belief that a person, usually closely related to the
patient, has been replaced by an impostor with a close
resemblance to the original. They discuss how this delusion
is postulated to result from a discrepancy between old
stored representations, or semantic memories, and new
information. Patients fail to update physical changes in their
relatives, ending up with idiosyncratically stored informa-
tion on these individuals. The cases they examined had
mixed organic aetiology. Abe et al. [1] described a peculiar
form of delusional misidentification due to Alzheimer’s
disease. The patient misidentified her daughters as her sis-
ters. The authors speculated that the misidentification was
the failure to update semantic memory with new episodic
and perceptual information. Finally, Feinberg et al. [16]
reported a case of Fregoli delusion in a 61-year-old man
after a TBI. The Fregoli delusion is the belief that a person,
often a persecutor, has disguised themselves as someone
known to the patient. In this case the patient misidentified
13 people around him in the hospital as family members
or co-workers. This individual had marked loosening of
associations and semantic processing deficits, and the
authors proposed his over-misidentification may have
resulted from a tendency to select frequently inappropriate
associations because of their personal salience, as well as an
acceptance of inaccurate information. Failure to modify his
beliefs in the face of disconfirmatory evidence suggests that
there was damage to his semantic networks involving
family members and friends.
In a theoretical review, Davies et al. [13] dismissed the
notion that delusions are the consequence of a deficient
semantic memory. They suggested that such a theory does
not account for patients being able to appreciate that other
people will find their belief implausible and why individ-
uals end up with specific delusions, and not a whole store
of delusions. However, the model presented by this man-
uscript addresses such criticism. Patients with delusions do
seem to appreciate that their ideas are idiosyncratic, and
thus they are different from others beliefs. Current data
from Rossell and Batty [44] established that patients with
schizophrenia with multiple delusional themes have more
severe semantic memory abnormalities. Those with four or
more delusional themes scored 80 out of a maximum of
240 on a word definition task, whereas those with few or
monothematic delusions (e.g. those with one or two delu-
sional themes) scored 136/240 on the same task, suggesting
a specific breakdown of semantic information related to the
themes of one’s delusions or particularly self-referential/
affective information (i.e. the more widespread the delu-
sions the more extensive the semantic memory corruption).
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Fig. 1 A schematic diagram of the semantic network for the
proposition ‘some food is poisonous’ in healthy and deluded
individuals. Shown is a network of concepts permanently held in
semantic memory relating to this proposition. Circled items are
temporarily activated concepts and un-circled items are not activated
upon activation of the proposition. Activation of the proposition
occurs if it is heard or thought about. Temporary activation of
particular concepts depends on the context of the proposition (in this
example in the forest), and their frequency of use. ? show accurately
related concepts, 4 show idiosyncratically related concepts. In
healthy persons activation of the proposition may lead to other
thoughts, i.e. ‘some mushrooms are poisonous/toxic, they may be
harmful’ Deluded individuals have (1) less accurately related
concepts available to them and (2) more idiosyncratic relations
available. In all individuals some relations do not reach activation (i.e.
food poisonous-allergy; mushroom-bedroom formed via clanging;
food poisonous-venomous) as the context may not be appropriate or
alternatively stronger relations may have been formed between other
concepts (via frequency use) (i.e. food poisonous-clean; food
poisonous-bedroom; food poisonous-snake)
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Current study
Given that the previous literature has established a link
between semantic processing deficits and delusion in
schizophrenia, the current study sought to examine whether
such deficits exist in individuals with delusions with an
alternative aetiology. Thus, the current study examined
four individuals with a significant delusion post a traumatic
brain injury in comparison to a normative healthy control
sample. It was expected that these individuals would show
deficits across the range of semantic memory tasks, espe-
cially a marked loosening of/disordered associations within
their semantic network, as previously shown in psychiat-
rically deluded individuals: for example, in deluded
schizophrenia patients [41, 43]. This would serve as addi-
tional evidence for the model being proposed.
Materials and methods
Participants
Normative data
The control data consisted of 32 healthy controls from the
general public. This sample was recruited for the study by
advertisement in two local Sydney job centres. All partic-
ipants tested were between the ages of 18 and 55 years and
had an estimated pre-morbid IQ as scored by the National
Adult Reading Test (NART) of [90 (see Table 1). No
participant reported any psychiatric illness, confirmed by a
current assessment using the Brief Psychiatric Rating Scale
(BPRS [37]), a first-degree relative with a psychiatric ill-
ness, a neurological illness or a history of ECT.
Case studies background
Four cases with delusions post-traumatic brain injury were
recruited from the South Western Sydney area. Prior to the
TBI none of the cases had reported any history of psy-
chiatric illness. In addition, no participant had any relative
with a psychiatric illness. In each of the four cases
described below psychopathology was rated using the
Schedule of Negative Symptoms (SANS), and the
Schedule of Positive Symptoms (SAPS) [3] (see Table 2).
IQ in the four cases was determined by the NART.
Case one: ERL
ERL was a 56-year-old married woman, who worked for a
bank prior to her accident. In 1995 she was involved in a
car accident that resulted in a head injury. No specific
lesion information was available but a right frontal
pathology was implicated in case notes. During her hospital
stay, she developed signs of paranoia, but returned to work
6 months after the accident, however, this was when the
paranoia became prominent. The nature of ERL’s psy-
chotic symptoms involved paranoia and delusional ideas
that others were conspiring against her and her thoughts
were being broadcasted. She had experienced a few epi-
sodes of auditory hallucinations. She had also experienced
OCD concurrent with her paranoia, where her neurotic
symptoms consisted of a cleanliness obsession and a
compulsion to wash everything. ERL had a series of in and
out patient admissions, and received pharmacological
treatment. On the day of testing she was mildly paranoid.
Case two: DEN
DEN was a 23-year-old single male, who is the father of a
young boy. He was Australian born but his family origi-
nated from Vietnam prior to his birth. He completed his
schooling until age 16 and went on to complete fencing and
concreting courses at Technical and Further Education
College (TAFE), where he subsequently worked as a
concrete labourer. In January 2000, DEN was involved in a
motor vehicle accident that resulted in a head injury. A CT
scan suggested a lesion within the left frontoparietal region.
Since the brain injury, DEN developed the belief that he is
dead and his penis has shrunk (a Koro delusion). His
psychotic symptoms included hallucinations where he talks
to people he believes are in his roof and paranoid delusions
Table 1 Demographics
Controls N = 32 ERL DEN JL BS
Male/Female 21/11 F M M M
Age 36.6 (12.3) 56 23 39 30
No. of years of education 13.8 (2.2) 13 10 12 12
NART IQ 115 (10.9) 103 80 110 75
Table 2 Clinical ratings using SANS and SAPS
Global rating ERL DEN JL BS
Affective flattening 0 3 0 2
Alogia 0 0 0 2
Avolition–Apathy 0 3 0 3
Anhedonia–Asociality 0 4 3 4
Attention 0 3 0 3
Hallucinations 0 ? 0 0
Delusions 2 5 0 2
Bizarre behaviour 0 3 2 2
Positive FTD 0 2 3 2
FTD formal thought disorder
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where he believes that his accident was the result of a
conspiracy involving his brother and sister, and believes
that there is a woman in his head influencing his life. He
had also become more aggressive since his accident and the
onset of his delusions. DEN received pharmacological
treatment for his pain and delusions. On the day of testing
he had moderate to severe negative psychotic symptoms,
including affective flattening, avolition, anhedonia, and
poor attention. He was also experiencing a range of posi-
tive psychotic phenomenon including very severe delu-
sions, moderate bizarre behaviour, and mild thought
disorder.
Case three: JL
JL was a 39-year-old single male. He completed his
schooling until age 18 and went on to complete a 2-year
Diploma in accountancy. JL worked as a bank teller before
his accident. In January 1990, JL was hit by a car and
sustained a right frontal haematoma, cerebro-spinal fluid
leak, and lower fracture of the face and fracture of the hip.
As a result of his injuries he lost his sense of smell. JL
returned to work in late 1990 but began to develop psy-
chotic symptoms approximately one year later where he
developed concerns that he smelt. As a consequence, JL
left the bank for an outdoor job to escape this problem. He
had been diagnosed with bipolar disorder where he expe-
riences periods of mania. The nature of JL’s psychotic
symptoms included olfactory hallucinations where he felt
that he emitted a ‘‘dead body’’ smell, somatic delusions
that involve himself as ‘‘Mr Smell’’, and thought disorder.
His monothematic delusion of smell and decay was not
mood-congruent, occurring independently of his mania. JL
had received pharmacological treatment and commented
that his psychotic symptoms were mostly under control; on
the day of testing he was experiencing moderate thought
disorder and mild bizarre behaviour.
Case four: BS
BS was a 30-year-old single male. BS moved to Australia
from Fiji with his family at the age of 10 years. He and his
family are Hindus. He completed his schooling until age 18
and then went on to study bookkeeping and office duties
courses and worked as a train maintenance person for the
Railways. The seven years leading up to his injury, BS
worked full time in various positions in a bank and more
recently in accounting. In May 2002, BS was involved in a
motor vehicle accident that resulted in multiple trauma
to his head (right temporal subarachnoid and subdural
haemorrhage, and lacunar infarct) and body (damage to
ribs, thorax, liver, and right brachial plexus), with residual
memory and cognitive problems. Since his accident, BS
had become excessively religious and attributed his sur-
vival to special magical powers due to his connection with
God; he had experienced visual hallucinations of the God
he prays to (Shiva) and had developed some beliefs in
telepathic abilities. Subsequent to his head injury and
delusions, BS experienced depression and some anxiety
symptoms, such as obsessive checking, and was taking
medication. On the day of testing he was experiencing mild
delusions, thought disorder, and bizarre behaviour.
Cognitive tasks
The following tasks were approved by South Western
Sydney Area Health Service ethics and were carried out in
accordance with the latest version of the Declaration of
Helsinki. Informed consent was obtained from them after
the study procedures had been explained to the participants.
The semantic task battery is described briefly below, more
detail on each task can be found in Rossell and David [40].
(A) Synonyms
Using the stimuli from Psycholinguistic Assessment of
Language Processing in Aphasia (PALPA [26]) task 49
we examined the participant’s ability to correctly identify
synonyms. 60 word pairs (30 synonyms and 30 non-
synonyms) of which 50% were high- and 50% were
low-frequency, were randomly presented centrally on a
computer screen. The first word in the pair was presented
for 200 ms, there was a 550 ms blank screen followed by
the second word for 200 ms. There was a blank screen
between trials of 2,500 ms and the subjects were able to
respond for up to 2,000 ms after the second word pre-
sentation. Participants were asked to indicate whether or
not the pair was a synonym using a two-button press.
Accuracy was recorded for high- and low-frequency
conditions separately.
(B) Word associations
Using the stimuli from PALPA [26] task 51 we examined
the subject’s ability to correctly identify word associations.
30 key words (15 high- and 15 low-frequency) were
compared to 4 other words; one related, one semantic foil
and two unrelated (Example: key word-fog, related-mist,
semantic foil-steam and unrelated-bolt, and lock). This was
a paper and pencil task with key words on the left-hand
side of the page in bold followed by the four possible
associates on the same line. The participant was asked to
indicate, by underlining, which of the 4 other words were
related/associated by meaning to the key word. Accuracy
was recorded for high- and low-frequency conditions
separately.
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(C) Definitions
As much as 42 words, between 4 and 8 letters long were
used (see [44]). They were taken from the MRC Oxford
Psycholinguistic Database. From these words two task
versions were created; generate and forced choice. Partic-
ipants always performed generate first and then, after
approximately 90 min, the forced choice. (1) Generate:
after hearing and seeing each word, the participant was
required to generate a definition, i.e. what each word
meant. The participant’s performance was monitored for
the first 5 words. If they were not completing the task
correctly the instructions were repeated and an example of
a correct definition was given. For each word the partici-
pant’s definition was compared against Oxford Concise
English Dictionary entries, and was awarded between 2 and
0 points depending on its accuracy and completeness.
When an answer scored 0 points it was further rated as one
of 5 possibilities for an incorrect answer: (a) an association
i.e. army–navy, (b) an opposite response i.e. shallow–deep,
(c) no obvious sense in the definition i.e. dusk–not finished
1,000 years to go, (d) an incorrect answer, may be for an
alternative spelling of the word i.e. lain = small narrow
road, and finally, (e) missing or no response. Total accu-
racy as well as % of errors to each of the five categories
above was recorded. (2) Forced choice: the same 42 words
were presented with four definitions: two foils, one incor-
rect and one correct answer (for example, GREEN:
foil1 = the colour between red and yellow; foil2 = the
colour of the sun; incorrect = solid, firm or rigid material;
and correct = the colour between blue and yellow). The
foil answers were created using a thesaurus and finding
definitions of similar words or concepts. The participants
were required to indicate the correct definition. The % of
correct, incorrect, and foil answers were recorded for each
participant.
(D) Categories
We used a revised version of the category task reported in
Chen et al [10]. 18 categories were selected from the norms
of Battig and Montague [5] and Hampton and Gardiner
[21], e.g. VEHICLES. For each category 5 different
exemplar words were selected to provide different degrees
of relatedness, resulting in 90 trials. These exemplar words
were either: (1) high frequency (VEHICLE—bus), (2) low
frequency (VEHICLE—ferry), (3) borderline (VEHI-
CLE—ski), (4) related but outside the category (VEHI-
CLE—horse), and (5) unrelated (VEHICLE—banker).
Stimuli were presented in random order centrally on a
computer screen. First, category names appeared in capital
letters for 1,000 ms. After a delay of 550 ms exemplar
words appeared in lower case for 200 ms followed by a
2,000 ms response window. After the exemplar word was
shown, participants were asked to indicate whether it
belonged to the category or not by pressing one of two
buttons, YES or NO. For four of the categories there was
clearly a single obviously correct answer, ‘YES’ for high
frequency and low frequency, and ‘NO’ for the related and
unrelated categories. This was not the case for the bor-
derline condition where classification of category mem-
bership was supposed to be ambiguous. For simplicity
when calculating accuracy ‘YES’ was taken as the correct
answer. Accuracy for the five categories is reported.
(E) Pyramids and palm trees (PPT)
The PPT [23] is a test of semantic associative knowledge.
The participants viewed 3 pictures, a prime and two targets.
They were asked to indicate which of the targets was
related to the prime. Accuracy was recorded.
(F) Fluency
Category fluency was examined using the category animals.
Participants were asked to give as many category exemplars
as they could over 60 s. The total number of words
generated for the category was calculated minus errors (i.e.
category inappropriate words) and perseverations.
Results
Data for the seven semantic memory tasks for the four case
studies and the healthy control group are presented in
Table 3. If the case study demonstrated deficient perfor-
mance on any of the measures this was noted in terms of
the number of standard deviations (SD) difference from the
healthy control groups performance (* = 1SD ** = 2SD
and *** = 3SD). A summary of performance of each case
study is described below and the salient deficits are
presented in Table 4.
Case studies
Case one: ERL
ERL demonstrated intact synonym performance. Alterna-
tively, she produced less correct responses (2SDs) on the
word association task to the low-frequency stimuli only.
This was due to her greater selection of semantically
related responses. She generated fewer definitions on the
definition task (1SD from the norms). Of note within the
definitions generate task is that ERL made more associative
errors (two SD’s from the norm). Her performance on the
definitions forced choice component was comparable to the
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healthy controls. On the categories task ERL was able to
correctly identify the categories to which words belonged.
No impairment was shown on the pyramid and palm trees
task. ERL produced fewer words on the category fluency
task, 1SD below controls.
Case two: DEN
DEN showed deficits across all semantic tasks (the
majority of his scores were more than three standard
deviations from the healthy control group), with the
Table 3 Task data across the four cases and the control group
Task Condition Variable Controls N = 32 ERL DEN JL BS
(A) Synonyms High frequency % Correct 94.2 (5.6) 93.3 70.0*** 100.0 53.3***
Low frequency % Correct 88.2 (9.0) 86.7 30.0*** 80.0 63.3***
(B) Word associations High frequency % Correct 89.9 (7.1) 86.6 53.3*** 86.6 60.0***
% Semantic errors 9.5 (7.1) 6.7 6.7 6.7 40.0***
% Unrelated responses 0.6 (2.0) 6.7 33.3*** 6.7 0.0
Low frequency % Correct 83.4 (11.4) 66.6** 71.3* 93.3 13.3***
% Semantic errors 13.9 (8.5) 26.7* 20 6.7 20.0
% Unrelated responses 2.6 (5.6) 6.7 6.7 0.0 53.3***
(C) Definitions (1) Generate % Correct 80.9 (23.8) 50* 18** 49* 39*
% Associative errors 26.9 (12) 57.1** 38.7* 81.8*** 47.6*
% Opposite errors 4 (6.8) 7.1 3.2 0.0 0.0
% Nonsense errors 6.9 (9.9) 7.1 38.7*** 0.0 4.8
% Incorrect 38 (31.3) 7.1 3.2 9.1 4.8
% No response 20.8 (26.6) 21.4 12.9 9.1 42.8
(2) Forced choice % Correct 61.5 (21.7) 92.9 64.3 88.1 59.5
% Incorrect 25.3 (19.9) 0.0 7.1 0.0 9.5
% Foils 13.2 (5.5) 4.8 28.6*** 11.9 31.0***
(D) Categories Total % Correct 78.7 (7.5) 84.4 70.0* 81.1 70.0*
High % Correct 94.9 (5.2) 94.4 94.4 88.9* 94.4
Low % Correct 86.4 (10.1) 77.7 72.2* 88.9 77.8
Borderline % Correct 70.7 (6.6) 72.2 88.9 50.0*** 83.3
Related % Correct 72.7 (9.8) 88.9 33.3*** 77.8 27.8***
Unrelated % Correct 89.4 (7.2) 88.9 61.1*** 100 61.1***
(E) Pyramid and palm trees % Correct 92.3 (5.8) 90.4 94.2 90.4 94.2
(F) Category fluency Animals Words produced 20.3 (5.1) 11* 12* 20 13*
* [\1SD the health controls, ** [\2SD the health controls, *** [\3SD from the health controls
Table 4 Summary of salient semantic deficits in the four case studies
Task name Task type (I vs. P) ERL DEN JL BS
Synonyms I 4 9 4 9
Word association high-frequency correct I 4 9 4 9
Word association low-frequency correct I 9 9 4 9
Definitions generate correct P 9 9 9 9
Definitions generate associative errors P 9 9 9 9
Definitions forced choice foils I 4 9 4 9
Categories total correct I 4 9 4 9
Category fluency P 9 9 4 9
4 intact, 9 impaired, I identification, P production
NB: 9 at least [\1SD from norm
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exception of the pyramid and palm trees task. Notable were
his responses on the word association task; while his per-
formance was poor to both high- and low-frequency words,
his errors were confined to making unrelated responses and
his semantic errors were comparable to the controls. Sim-
ilar to ERL, DEN made a high number of associative errors
when asked to define words (definitions generate task), and
a high number of nonsense errors. The definitions forced
choice component of this task reflected that DEN was
distracted by foil definitions, and he was only able to
identify word categories to high-frequency and borderline
words on the category task. DEN produced fewer words on
the category fluency task, 1SD below controls.
Case three: JL
JL had mostly intact semantic processing performance
with some notable exceptions. He had poor definition
generation, due to a large number of associative errors.
Interestingly his performance on the definitions forced
choice component was comparable to the norms. On the
categories task his overall accuracy matched the norm
data, however, he showed an unusual pattern of perfor-
mance on the borderline condition, only selecting 50%
yes responses in comparison to 70% in the healthy con-
trols. JL had intact synonym recognition, word association
recognition, category fluency, and pyramid and palm trees
performance.
Case four: BS
Similar to DEN, BS showed deficits across all semantic
tasks except for the pyramid and palm trees task. His
performance too, was in general three SD’s from the
norms. He demonstrated poor synonym and word associa-
tion identification. BS made a large number of semantic
errors when identifying word associations for high-fre-
quency words, but a large number of unrelated responses
when identifying low-frequency words. When attempting
to generate word definitions his poor performance was split
between making associative errors and no response, and
similar to DEN, the forced choice component of this task
reflected that BS was distracted by foil word definitions.
BS again showed a pattern of performance similar to DEN
when identifying word categories; he was only able to
correctly categorise high-frequency and borderline words.
Results summary
All four cases showed impairments when asked to generate
definitions for words. Furthermore, the errors made on the
definitions generate task were predominantly errors of
association. Three out of the four cases had poor category
fluency. Conversely, all cases were able to identify which
target was related to the prime on the pyramid and palm
trees task. Cases two and four (DEN and BS, respectively)
were unable to identify synonyms, word associations,
forced choice definitions and word categories (see
Table 4).
Discussion
Deficits in semantic processing were shown by all of our
cases. These results support our proposal that individuals
with delusions have abnormal semantic processing (some
individuals were more extensively impaired than others
i.e. DEN and BS versus JL and ERL; this will be dis-
cussed below), and is congruent with evidence of disor-
dered semantic networks in deluded schizophrenia
patients [41, 43], and one previous study of delusions post
a traumatic brain injury [17]. As such, these cases provide
additional evidence for the relationship between delusions
and abnormal semantic processing, independent of
aetiology.
An interesting behavioural pattern emerged during the
analysis, that is, all cases were particularly impaired on
tasks that required the individual to produce or generate
semantic information (definitions generate and category
fluency). Whereas the remainder of tasks, which required
categorical identification were, overall, more successfully
completed (by at least two of the four cases on any given
task, see Table 4). Rossell has previously postulated that
individuals with delusions have (i) idiosyncratically and
illogically organised semantic information, where some
typical logical relationships between concepts are present
but some abnormal associations are also present [41] (see
Fig. 1), and (ii) that these idiosyncrasies and abnormalities
are represented by inaccurate storage of information and
ideas rather than the access to this information [44]. In this
study the existence of some typical logical associations or
relationships between concepts may have been sufficient to
generally allow the correct categorical identification of
words when the correct response, acting as a prompt or
memory cue, is offered amongst a group of alternatives.
This would allow for supported performance on the syn-
onyms, words association, definition forced choice, cate-
gories, and pyramids and palm trees tasks. However, when
required to produce semantic information unaided, cues or
alternative choices are not available. Thus, resulting in the
inability of all cases to perform the definition generate task
within normal ranges, and three out of four cases showing
poor category fluency.
Another important behavioural pattern is with regard to
the errors produced on the tasks. When the cases were
asked to generate definitions their incorrect responses were
578 Eur Arch Psychiatry Clin Neurosci (2010) 260:571–581
123
predominantly classified as ‘associative errors’. This is a
further indication of the loose associative links inherent
within an idiosyncratically organised semantic network (as
previously shown in a deluded brain injured patient [16]).
Thus, deluded individuals have (i) less accurately related
concepts available to them and (ii) more idiosyncratic
relations available. For example, when asked to define the
word ‘army’ an associated response would be ‘navy’, this
illustrates that stronger relations may have been formed
between these two concepts in the deluded individual than
the association of ‘army’ with its correct definition ‘the
military force of a nation’. We argue that these idiosyn-
cratic associations are formed during the encoding of new
information, although clearly this needs experimental
testing. DEN additionally showed an increased rate of
nonsense errors; again this can be used as evidence for a
severe disruption in the semantic information held for the
concepts tested on this task. Significantly, the errors pro-
duced by the four cases are very different from the healthy
controls. The healthy controls had the greatest percentage
of incorrect responses, that is, defining a word with a
similar spelling. Idiosyncratic semantic organisation may
also explain the increased rate of ‘foil’ responses on the
definitions forced choice task, especially in DEN and BS.
That is, the cases had some general understanding of the
concept but were not able to be specific. Although this
study did not directly test the access-store dichotomy, that
is, whether semantic memory is abnormal because of
impaired storage versus impaired access, the pattern of
findings, especially the pattern of errors, suggests that the
deficits in semantic processing are due to the manner in
which semantic information is stored and not with the
access and retrieval of semantic information [see 40].
Importantly, increased associative errors and reduced
incorrect errors on the definitions generate task, replicates
the response pattern previously shown in patients with
schizophrenia [44]. Further, reduced category fluency has
been reported in schizophrenia, particularly in patients with
delusions who produce more idiosyncratic word associa-
tions on this task [41]. In this study, some of the responses
recorded for category fluency task were idiosyncratic, for
example; one of DEN’s responses was ‘alpaca’, while JL
named both an Indonesian elephant and an African ele-
phant, as well as a sloth. ‘Teddy bear’ was generated in
amongst the responses by BS, which is a further example of
loose and uniquely organised semantic networks. Together
this data provides evidence for the proposal that abnormal
and idiosyncratic organisation of the semantic network is a
common feature in individuals with delusions, irrespective
of diagnosis and phenomenology.
Ceiling performance on the pyramid and palm trees task
by all our cases is postulated to be the consequence of the
simple requirements of this task, which are to indicate a
semantic match, and also the simple nature of the stimuli,
common pictures. Thus, this task was unable to tap into the
uncued semantic processes we are arguing to be impaired.
Word frequency influenced task performance for both
the cases and healthy controls; high-frequency words were
generally correctly identified at higher rates than low-fre-
quency words (synonyms, word associations, and catego-
ries tasks). The ‘commonality’ of words has been shown to
promote more expedient encoding [7, 44]. On two occa-
sions however, a higher rate of correct responses were
shown to the low-frequency words relative to the high; BS
and DEN on the synonyms and word association tasks,
respectively. This reverse pattern is predicted to reflect
subtle differences specific to the semantic organisation of
these two individual cases.
Lesion location and severity may have also influenced
semantic memory performance. Three patients had a
frontal pathology; ERL, DEN, and JL. The two patients
with some intact semantic abilities both had a right frontal
lesion. BS had a temporal lobe pathology. Interestingly,
DEN and BS had more extensive injuries that ERL and
JL. Further group studies are needed to confirm the role
of brain region on delusions and semantic processing.
Interestingly, recent MRI studies have implicated both
temporal and frontal involvement in delusion formation
[30].
Limitations
The cases DEN and BS warrant closer inspection. Both
revealed greater deficits across all tasks relative to the other
two case studies, commonly scoring more than three
standard deviations below the norm. Both experienced
multi-thematic delusions; DEN was identified with four
delusional themes and BS with three, which was more than
the other two cases that had one or two delusional themes.
This is further evidence for the proposal that individuals
with multiple delusional themes have more severe semantic
memory abnormalities, shown previously in schizophrenia
patients with delusions [44]. Interestingly, both of these
cases also had delusions congruent with their cultural
identities. However, low pre-morbid IQ estimates were
obtained for these cases, which is a limitation of these
findings, as low IQ would have impinged on language and
reading abilities necessary for the tasks. Importantly, the
other two cases had IQs within the normal range and still
exhibited semantic processing problems. Pre-morbid IQ
would need to be matched in any further investigations to
elucidate and remove its effect on semantic memory
performance.
There are a number of limitations to this research that
should be mentioned. Due to time restrictions we were
unable to assess other neuropsychological abilities. Thus, it
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is not known whether the patients also showed similar
attention, executive function and other memory difficulties;
and whether these other neuropsychological abilities were
related to psychotic psychopathology. However, previous
research in delusion formation in schizophrenia suggests
that finding such a relationship between these other neu-
ropsychological abilities and delusions is unlikely, and was
not the rationale for completing this project. Further, the
cases did exhibit other positive symptoms of psychosis, for
example thought disorder and hallucinations. Hallucina-
tions have not been linked to a semantic processing
pathology but some authors (but not all) argue that
semantic processing is involved in thought disorder.
However, in all four cases the predominant psychotic
symptom was delusions, with thought disorder being mild.
Future studies may also benefit from comparing TBI psy-
chosis patients with TBI patients with no history of psy-
chosis. These patient groups will need to be closely
matched for lesion location and extent.
Conclusions
We have shown atypical semantic processing in deluded
individuals who have sustained a TBI. Importantly, the
pattern of semantic performance recorded by our cases is
consistent with schizophrenia patients with delusions,
although in some cases they did not show such global
semantic processing impairments. Taken together, we
consider this as preliminary evidence for consistent
abnormal semantic processing in persons with delusions,
irrespective of diagnosis and phenomenology. This finding
will need to be verified in larger sample groups of persons
with delusional beliefs across a range of diagnoses, and
matched for pre-morbid IQ. Group-based studies will allow
for correlational analysis with other positive symptoms to
examine whether semantic processing abnormalities are
unique to delusions. The new distinction shown between
the production and identification of semantic information
warrants further investigation, and the extent of anomalous
affect perception in deluded individuals needs to be
determined before this new cognitive model of delusions
can be confirmed.
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Memory deficits have been reported in schizophrenia and bipolar disorder. However, the precise impact of semantic memory
deficits on word comprehension, particularly across grammatical categories, has not been adequately investigated in these
disorders. Furthermore, previous studies examining semantic memory have predominantly been designed so that most healthy
controls perform at ceiling, questioning the validity of observed differences between patient and control groups. A new word
definition task examined word comprehension across grammatical categories, i.e. nouns, verbs and adjectives, and was designed to
overcome the ceiling effect. It was administered to 32 schizophrenia patients, 28 bipolar disorder patients and 32 matched healthy
controls. Schizophrenia patients had a global impairment on the task but bipolar patients were only impaired on a recognition
memory component. Word comprehension, however, across grammatical categories was comparable across groups.
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Semantic memory refers to an individual's stored
knowledge. It is impersonal and includes knowledge of
words and their meanings, knowledge of objects and
their interrelationships, and general knowledge about
the world. Abnormalities in semantic memory are⁎ Corresponding author. Cognitive Neuropsychiatry Laboratory,
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doi:10.1016/j.schres.2008.04.008commonly proposed to be central to cognitive abnorm-
alities in schizophrenia, with deficits being reported on a
wide variety of tasks, for example, categorisation (Rossell
and David, 2006), fluency (Rossell et al., 1999) and
priming (Rossell et al., 2000). Semantic deficits are,
consequently, predicted to underlie disturbances in
thought and language in schizophrenia, which might not
only explain the deficits observed in other cognitive
domains (i.e. reasoning), but also provide a cognitive
explanation for common symptoms in schizophrenia, for
example, delusions, thought disorder and alogia. While
memory deficits in bipolar disorder are also reported, the
impact of semantic memory deficits in bipolar has not
1 There were no correlations between the definition task variables
and mania as scored by the Bech-Rafaelsen. Thus, there was no need
to co-vary for current status of mania.
2 Partial task results were reported in Rossell and David (2006). The
current manuscript reports on all definition task results.
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Rossell, 2006).
Additionally, many previous studies of semantic
memory in schizophrenia have used semantic assessments
where healthy controls perform at ceiling, as the measures
used were designed for assessing neuropsychological de-
ficits in obvious brain disease. When measures have been
designed to specifically examine deficits in schizophrenia
interesting qualitative differences have been reported (for
example in Rossell et al., 1998). Thus, to address our
current hypotheses a new word definition task was deve-
loped which prevented controls performing at ceiling.
Investigators have been interested in the organisation
of words in semantic networks, with both neuropsycho-
logical and functional neuroimaging studies advocating
the differentiation of grammatical-class in the brain's
neural networks (e.g. Bedny and Thompson-Schill,
2006); that is, differences in the processing of verbs,
nouns and adjectives. Crudely, it is argued that verbs and
nouns differ semantically, with nouns equated to objects,
which correspond to objects stored in semantic memory,
whilst verbs reflect actions. It might, therefore, be
predicted that deficits in schizophrenia may be restricted
to words that consist of a greater number of semantic
features, that is, nouns. Currently there are three studies
that have examined grammatical-class differences in
schizophrenia. Two have shown impaired verb generation
(Marvel et al., 2004; Woods et al., 2007), and the third
poorer performance in the generation of both common
nouns and verbs (Elvavag et al., 2001). No study has
explored word comprehension effects in bipolar disorder.
Thus, while the present research is not the first to
examine grammar-basedword effects in schizophrenia, it is
the first study to consider performance differences across
grammatical categories in two patient groups, schizophre-
nia and bipolar disorder, when compared to healthy
controls. We are also examining the comprehension of
adjectives,which has remained largely uninvestigated. Two
word comprehension tasks were developed; generate, in
which participants had to generate a definition of the
presented word, and forced choice, where they needed to
select the correct definition from four possible choices. We
hypothesized that schizophrenia patients would show
reduced word comprehension accuracy, on both generate
and forced choice tasks, particularly to nouns.
2. Method
2.1. Participants
Two patient samples were recruited from the inpatient
and outpatient departments of Liverpool Hospital, Sydneyand via the NISAD research register (National Institute for
Schizophrenia and Allied Disorders). 32 patients were
diagnosed as DSM IV schizophrenia and 28 as DSM IV
bipolar disorder using the Diagnostic Interview for
Psychosis (Castle et al., 2005). 32 healthy controls were
recruited by advertisement in two Sydney job centers.
Exclusion criteria for all groups were a history of traumatic
brain injury, epilepsy, alcohol or substance abuse,
neurological or co-existing psychiatric conditions including
depression as screened for using the Beck Depression
Inventory (Beck et al., 1961), and administration of ECT.
All participants were between the ages of 18 and 55 years
and had an estimated pre-morbid IQ as scored by the
NationalAdult ReadingTest (NART;Nelson, 1981) ofN90
(Table 1). There were no significant group differences in
age or education. There was, however, a difference in IQ as
scored by the NART (Nelson, 1981). The bipolar and
control groups were matched on NART IQ, and were
different from the schizophrenia patients. There were more
males in the control and schizophrenia samples, and more
females in the bipolar sample.
Current psychopathology was rated using the
Schedule of Negative Symptoms (SANS), the Schedule
of Positive Symptoms (SAPS) (Andreasen and Olsen,
1982), and the Bech–Rafaelsen Mania Scale (Bech
et al., 1979) (Table 1). The two patient groups were
matched on their five global SAPS scores; in contrast,
the schizophrenia patients demonstrated greater affec-
tive flattening and anhedonia on the SANS. The bipolar
sample was currently manic1. There was no significant
difference in the age of onset or number of years
experiencing illness between the two patient samples.
Schizophrenia patients were on the following medica-
tion: 21 atypical antipsychotic and 11 neuroleptics.
Bipolar patients were taking the following: 18 mood
stabilisers and 10 atypical antipsychotic.
2.2. Definition task
120 words, between 4 and 8 letters long were used2.
They were nouns, verbs and adjectives and were taken
from the MRC Oxford Psycholinguistic Database. The
words were divided into two frequency bands using
Kucera and Francis (1967): low frequency words (1–30
words per million) and high frequency words (N30 words
per million). The words were counterbalanced between 6
word conditions: low frequency nouns, high frequency
Table 1
Demographic and symptom characteristics (mean (SD)) of the three participant groups
Controls N=32 Schizophrenia N=32 Bipolar N=28 Group comparisons
Male/female 21/11 20/12 8/20 Chi=9.1 p=0.007
Age 36.6 (12.3) 36.4 (10.3) 38.8 (11.0) NS
No. of years education 13.8 (2.2) 13.4 (2.6) 13.9 (2.6) NS
NART 115 (10.9) 107 (13.4) 117 (10.6) F=6.1 p=0.003 S & B/C
Age of onset – 22.8 (5.9) 22.6 (7.8) NS
No. of years ill – 13.6 (8.9) 16.3 (11.7) NS
Bech–Rafaelsen mania rating – 0.3 (1.2) 17.0 (8.4) F=90 pb .001
SANS Affective flattening – 1.25 (1.2) 0.50 (1.3) F=5.5 pb .02
Alogia – 0.78 (1.2) 0.25 (0.8) NS
Avolition – 1.69 (1.7) 1.00 (1.5) NS
Anhedonia – 2.25 (1.6) 0.96 (1.5) F=10.2 pb .002
Attention – 0.34 (1.0) 0.11 (0.6) NS
SAPS Hallucinations – 1.75 (1.8) 1.36 (1.9) NS
Delusions – 2.50 (1.8) 2.50 (1.9) NS
Bizarre behaviour – 0.97 (1.3) 1.36 (1.7) NS
Thought disorder – 1.66 (1.5) 1.86 (1.7) NS
Inappropriate affect – 0.34 (1.0) 0.61 (1.3) NS
S & B/C=Student Newman Keuls post-hoc test established schizophrenia patients significantly different from bipolar patients and controls.
NS=Non-significant.
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frequency adjectives, and high frequency adjectives. The
six conditions were carefully matched for length,
concreteness, imageability, neighbours and number of
syllables (the task can be downloaded fromwww.srossell.
com). Two task conditions were created (1) Generate (2)
Forced choice. Generate was always performed first.
After a delay of 90 min, in which participants were
administered other cognitive tasks, the forced choice
component was completed. In both conditions the 120
words were presented in one of 3 random orders
(counterbalanced across subjects).
2.2.1. Generate
The experimenter read each word and the participant
was then required to generate a definition of each word,
i.e. what they thought the word meant. The score sheet
was placed on the table so the participant could see the
spelling of each word. The participants' performance was
monitored for the first 5 words, if they were not
completing the task correctly the instructions were
repeated and an example was given of a correct definition.
These definitions were then compared to Oxford Concise
English Dictionary entries, and each answer was awarded
between 2 and 0 points depending on its accuracy and
completeness. Accuracy or the mean % correct was
calculated for each of the 6 conditions (correct was
defined as 2 points for a fully correct answer and 1 point
for a partially correct answer). Further, when an answer
scored 0 points it was rated as one of 5 possibilities for an
error: (1) an association i.e. army— navy, (2) an oppositeerror i.e. shallow— deep, (3) a nonsense error i.e. dusk—
cooking, (4) an incorrect answer, may be for an alternative
spelling i.e. lain=small narrow road, and lastly, (5) missing
or no response. The scoring scheme was first pilot tested to
ensure inter-rater (accuracy r=0.86, inter-error r=0.82)
and intra-rater (accuracy r=0.89, intra-error r=0.88)
reliability. The mean % of errors for the 5 categories of
errors is reported.
2.2.2. Forced choice
All the words were presented with accompanying
definitions. The definitions were created using the
Oxford Concise English Dictionary. Two foil answers,
one incorrect answer and one correct answer were
allocated to each word. The foil answers were created
using a thesaurus and finding definitions for similar
words. Participants were required to indicate which
definition they thought best fit the word. Accuracy (i.e.
mean % correct) was calculated for each of the six word
conditions.
3. Results
A repeated measures ANOVA with three groups
(controls, schizophrenia and bipolar), two task condi-
tions (generate, forced choice), three word types (nouns,
verbs and adjectives) and two frequencies (high and
low) was performed with the accuracy data (covarying
for NART IQ) (see Table 2). There were main effects for
group [F(2,89)=13.4 pb .001], the controls (81%) were
more accurate than the schizophrenia (61%) and bipolar
Table 2
% mean (SD) accuracy scores for the 6 word conditions across groups
Controls N=32 Schizophrenia N=32 Bipolar N=28 F p SNK post-hoc
Generate component
High nouns 75.5 (21.4) 50.8 (22.5) 64.1 (28.3) 8.5 pb .001 C & BNS
Low nouns 70.4 (17.1) 45.8 (18.8) 62.4 (24.9) 12.2 pb .001 C & BNS
High verbs 74.9 (22.8) 49.1 (24.3) 63.1 (28.4) 8.5 pb .001 C & BNS
Low verbs 73.2 (18.3) 49.8 (20.9) 62.3 (27.7) 8.7 pb .001 C & BNS
High adjectives 75.2 (19.4) 52.2 (24.0) 66.2 (28.3) 7.5 pb .001 C & BNS
Low adjectives 75.6 (18.4) 50.3 (23.7) 64.2 (30.7) 8.6 pb .001 C & BNS
Total 74.1 (17.8) 49.7 (20.4) 63.7 (27.0) 10.1 pb .001 C & BNS
Forced choice component
High nouns 91.4 (8.4) 75.3 (17.7) 73.9 (21.7) 10.6 pb .001 CNS & B
Low nouns 83.8 (6.8) 69.1 (19.9) 70.9 (16.6) 8.5 pb .001 CNS & B
High verbs 86.9 (6.9) 74.5 (14.3) 72.5 (20.4) 8.7 pb .001 CNS & B
Low verbs 87.5 (9.5) 68.3 (17.3) 75.4 (17.8) 12.9 pb .001 CNS & B
High adjectives 91.3 (7.5) 77.5 (18.9) 80.7 (16.0) 7.4 pb .001 CNS & B
Low adjectives 87.3 (10.4) 71.3 (20.0) 76.9 (20.2) 7.1 pb .001 CNS & B
Total 88.0 (5.6) 72.7 (16.0) 75.1 (17.0) 11.6 pb .001 CNS & B
C=Controls, B=Bipolar, S=Schizophrenia SNK=Student Newman Keuls post-hoc test.
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with lower accuracy for generate (63%) than forced
choice (79%); word type [F(2,89)=13.4 pb .001], the
accuracy to nouns (69%) and verbs (70%) was similar,
and less than, adjectives (72%); last, frequency [F(1,89)=
23.5 pb .001], with greater accuracy for high (72%)
compared to low (69%) frequency words. There was an
interaction between group and task condition [F(2,89)=
3.1 pb .05]. Schizophrenia patients showed the greatest
difference in accuracy between generate and forced
choice, whilst controls and bipolar patients showed a
similar performance difference (schizophrenia gener-
ate=50%, forced choice=73%, difference=23%; con-
trols generate=74%, forced choice=88%, difference=
14%; and bipolar generate=64%, forced choice=75%,
difference=11%). Thus, generate resulted in a prominent
reduction in accuracy for schizophrenia patients only.
Interestingly, both patient groups showed reduced
performance on the forced choice condition. ThereTable 3
Error classification: the % of errors (SD) to each error type for the generate
Error Controls N=32 Schizophrenia
% associative errors 28.8 (29.5) 38.4 (15.6)
% opposite errors 3.4 (4.9) 5.2 (7.6)
% nonsense errors 8.5 (10.1) 9.7 (10.5)
% incorrect 42.1 (31.2) 24.8 (12.2)
% no response 17.3 (23.9) 21.9 (20.5)
Cb/NS& B=Student Newman Keuls post-hoc test established control pat
NS=Non-significant.was also an interaction between word type and frequency
[F(2,89)=5.1 pb .01]; the frequency of word use had the
most impact on task accuracy for the nouns, then the
adjectives and verbs (noun high=72% low=67%; adjec-
tive high=74% low=71%; verb high=70% low=69%).
For the generate task a 3×5 repeatedmeasuresANOVA
with three groups (controls, schizophrenia and bipolar) and
five error types (associative, opposite, nonsense, incorrect
and no response) was performed using the % of each
error type data and covarying for NART IQ (NART
IQ=113) (see Table 3). There was a main effect for error
type [F(1,88)=4.6 pb .04], with more associative errors
produced overall than the other four error types (associa-
tive=36%, opposite=5%, nonsense=9%, incorrect=30%
and no response=20%). There was also an interaction
between group and error type [F(2,88)=4.7 pb .01]. Con-
trols were most likely to give an incorrect error, whilst both
the patient groups were more likely to produce an associa-
tive error. Type of errors did not correlate with symptoms ascomponent
N=32 Bipolar N=28 F p SNK post-hoc
42.2 (23.8) 2.9 pb .05 CbS&B
5.4 (7.9) NS
7.7 (8.3) NS
22.6 (25.2) 6.1 p=.003 CNS&B
21.9 (22.9) NS
ients significantly different from schizophrenia and bipolar patients.
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trends towards correlation between thought disorder and
‘associative’ errors in both patient groups (p=0.09).
4. Discussion
In comparison to healthy controls the definition task
revealed semantic processing deficits in both patient
groups. In general, patients were poorer at providing an
accurate definition of single words and at selecting the
correct definition from a list of alternatives. These
findings are complimentary to other papers that have
shown word comprehension impairments in schizo-
phrenia, as illustrated by impaired verb generation
(Marvel et al., 2004; Woods et al., 2007), and verb and
noun generation (Elvavag et al., 2001). There was,
however, an interesting interaction between diagnosis
and task condition; whereby, the schizophrenia patients
showed a greater deficit on the generate condition
compared to the forced choice; but the bipolar patients
were relatively intact on the generate condition, whilst
as impaired as the schizophrenia patients at the forced
choice. The overall pattern of findings could be inter-
preted as reflecting a shortfall in both patients groups'
ability to organise and categorise word meanings, which
would accordingly impact on their ability to distinguish
the correct word meaning in the presence of alternatives,
especially when some of those alternatives are very
closely related in meaning. Not only would this notion
be supported by previous research on categorisation and
word associations (Rossell and David, 2006) in
schizophrenia, but it would further explain the promi-
nence of ‘associative’ errors demonstrated by the two
patient groups on the generate task. This interpretation,
however, does not explain why the patient groups
differed on the generate condition. It could be generate
is more reliant on intact memory, and therefore,
represents a more difficult task only for patients with
schizophrenia. This suggests that greater “free-recall”
memory retrieval deficits are present in schizophrenia
than in bipolar disorder. Alternatively, our data suggests
that bipolar patients are able to compensate for memory
retrieval deficits on certain tasks. The bipolar patients
provided longer responses on the generate condition
(representative of pressure of speech), thus increasing
the likelihood of obtaining a correct, or partially correct,
answer (the bipolar group produced an average of 20
words (SD=8) for each definition compared to 8
(SD=6) by schizophrenia patients). Finally, one could
argue that the generate condition has a stronger exe-
cutive component, which is more likely to be impaired
in schizophrenia. In agreement with this speculation isdata from a letter fluency task, a standard executive
function task. Schizophrenia patients showed reduced
performance on this measure compared with the other
groups, and also demonstrated a significant correlation
between generate performance and letter fluency (r=0.5
p=0.004).
Symptoms were well-matched across the two patients
groups, except for mania, which was not correlated with
task performance. Further, even though one might have
predicted that thought disorder would have interacted
with the task, especially with regard to producing
‘associative’ errors, there were only non-significant trends
towards correlation between thought disorder and ‘asso-
ciative’ errors in the patient groups. Interestingly, there
was no interaction between word type and diagnosis,
suggesting that neither patient group differs from healthy
controls in the processing of different grammatical-
category word types. Thus, all groups were better at
defining the meaning of adjectives when compared to
nouns and verbs. Therefore, the semantic deficits in the
patient groups were not at a grammar-based categorical
level. This finding is complimentary to Elvavag et al.
(2001), who did not record any differences in gramma-
tical-category processing in schizophrenia. We are the
first to have reported this finding in bipolar disorder.
Word frequency influenced overall comprehension
accuracy as predicted. Our findings indicate that this
effect is mediated by grammatical-category, but again is
not differentiated by the presence of psychosis.
Specifically, the most accurate word comprehension
was illustrated for high frequency words, primarily in
nouns, then adjectives, and then verbs. This finding is
similar to results obtained by Brebion et al. (2005), who
suggested that during word comprehension patient
groups take advantage of the ‘commonality’ of a word
to the same degree as healthy controls; namely, high
frequency words foster more expedient encoding.
As the task was not designed for the neuropsycho-
logically impaired no individual from any of the three
groups performed at ceiling. One possible limitation,
however, was the time required for administration
(generate=30–40 min and forced choice=20 min). As
a result some participants, particularly patients, became
restless. To resolve this problem an equally reliable 42-
item version has been developed (see www.srossell.com).
In conclusion, the data illustrates that semantic
processing deficits in psychosis are not demonstrated
at a grammar-based categorical level; that is, schizo-
phrenia and bipolar patients did not show differential
processing of nouns, verbs and adjectives, compared to
healthy controls. The interaction between task condition
and diagnosis may be indicative of organisation and
68 S.L. Rossell, R.A. Batty / Schizophrenia Research 102 (2008) 63–68categorization deficits in schizophrenia. The compara-
tive performance of controls and bipolar patients on the
generate task may also illustrate that bipolar patients are
able to compensate for some of their memory retrieval
deficits. Finally, the new word definition task was
successful in preventing controls from performing at
ceiling, and was thus a useful task for differentiating
between patients and controls.
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